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Introductory 


E take pleasure in presenting to the trade our catalogue number five, and re- 
spectfully call your attention to its contents. As manufacturers of various 


types of boilers for a long term of years, we have been enabled to experiment 


extensively, and, as a result, have compiled the following list of essential points, and 
we recommend their careful consideration by those contemplating the installation of 


power and heating plants: 


_—_ 
POO ANAU PWN 


Cost of installation. 

Economy of fuel. 

Circulation. 

Cleaning fire surfaces. 

Cleaning water surfaces. 

Cost of maintenance, 

Open market for renewal parts. 
Accessibility for inspection. 

Accessibility for repairs. 

Rapid steaming and responsive qualities. 
Constant economy. 

Durability. 

Safety of boiler. 

Safety of tubes. 

Simplicity. 

Baffle-plates. 

Highest workmanship. 

Return on investment. 

Reliability. 

Effective heating surface. 

Boring of tubes. 

Short circuiting of gases. 

Type of boiler best suited for bad feed water. 
Ease of temporary repairs. 

Economy of floor space. 

Ability to furnish dry steam. 

Ability to stand forcing without serious loss in economy. 
Ratio of heating surface to grate surface. 
Ratio of water space to steam space. 
Per cent. of air space in grates. 


From intending purchasers, and others who are interested, we solicit a careful 
examination of the following pages, which describe in detail our various productions. 
We are also manufacturers of specialties along the lines of boiler construction, and would 


be pleased to receive inquiries concerning same. 
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Horizontal Return Tubular Boilers 


HERE has been a tendency in the past, principally, we think, among those not 

versed in the fundamental principles of steam, to accept as a fact the superiority 

of water tube over fire tube boilers. This is regrettable because it leads 

- to an expenditure for boilers almost double that required for the common horizontal 

tubular type, which is far better, we believe, from every standpoint. Water tube boilers 

are purchased with various objects in view, scarcely one of which is ever realized, and 

we consider that it will be a misfortune for boiler users not to come to a better under- 
standing of the advantages to be derived from the use of the horizontal tubular boilers. 

It was thought by many that the thick plates necessary for high pressure with 
this type of boiler were a source of danger, on account of the liability of overheating. 
An examination of the theory of transmission of heat through steel plates will show 
that their capacity to transmit heat is scarcely affected by any probable thickness that 
may be used. This fact has been known for many years, and Prof. Rankine has written: 
“The external thermal resistance of the metal plates of boiler flues and tubes, and other 
apparatus used for heating and cooling fluids, is so much greater than the internal thermal 
resistance that the latter is inappreciable in comparison; and consequently the nature 
and thickness of those plates have no appreciable effect on the rate of conduction through 
them.” Rankine also states that the results of evaporative tests on boilers justify the 
disregard of the effect of thickness on the rate of transfer of heat. 

Mr. Isherwood, another celebrated engineer, made a series of experiments on 
the transmission of heat through plates varying from 14” to 34’, a variation of 200% 
in thickness, when one side was exposed to steam and the other to water, and he found 
the difference in thickness of plates did not measurably affect the result. 

Previous to 1887, boiler manufacturers did not use plates more than %6” in 
thickness. About that time, a number of noted steam engineers found that 14” plates 
could be used to advantage. Later on, when higher pressures were called for, %6’’ 
and 54” plates were used, with very satisfactory results. During the last five years, 
90” boilers have been constructed with 23$2”” plates, and their efficiency is phenomenal. 
See test on page 9. With plates more than 54” in thickness, it is advisable to plane the 
edges where they lap on the girth seams down to %6” or 19’. The boiler is not weak- 
ened, as the circular joints are amply strong to stand the reduction of thickness. This 
does not apply to the longitudinal joints, as they are above the fire surface. 

The statement has often been made that horizontal tubular boilers cannot be 
forced beyond their rated capacity. A moment's consideration will show that the 
ability to force a boiler depends upon the ability to increase the draguht beyond that 
usually obtained. This is accomplished by the mere opening of a damper or the instal- 
lation of a fan system in case the draught is insufficient. There are many cases where 
boilers are equipped with grates, with air spaces so fine that they soon stop up with 
ashes and clinkers, and in these cases an increase in draught can accomplish but little. 
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The boiler then gets a bad reputation, when the trouble is due solely to the grate. With 
an open grate and plenty of draught, there is no practical limit to the forcing, and the 
more the fire is driven, the more steam the boiler will generate. 

In every water tube boiler there is considerable heating surface which is not 
effective, owing to the fact that the gases never go into the corners, and that some of 
the heating surface is covered with tiles. In these boilers the gases tend to and do short 
circuit, and go more or less in straight lines, from the edge of one set of tiles to the edge 
of the next, thus losing the advantage of a good deal of heating surface. 

With the horizontal tubular boiler, the case is entirely different. The distance 

‘from the grate to the smoke flue is the same through every tube. There is no short cir- 
cuiting of gases, either when the boiler is working gently or is being forced. When the 
gases pass through fire tubes, the friction causes them to roll over from centre to outside, 
bringing every part of them repeatedly in contact with the tube surface. Nothing can 
surpass this in effectiveness for causing gases to give up their heat. 

As a most practical evidence of forcing, we refer to tests Nos. 4 and 5 on page 9, 
which were made on two of four 90” boilers having 258-3’ tubes 20 feet long, with 4027 
square feet of heating surface for each boiler. It will be observed that 42.2 pounds and 
37.6 pounds of coal were burned per square foot of grate per hour, and that a boiler 
horse power was obtained from 6.39 and 5.43 square feet of heating surface, respectively. 
It will be seen that the temperature of the escaping gases was very low for such a tre- 
mendous forcing, and that the economy as shown by the evaporative rates has probably 
never been reached under such conditions by any other type of boiler. In tests Nos. 
6 and 7, the same boilers were run near their rating, which was based on 10 square feet 
of heating surface per horse power, and the economic results were very extraordinary. 

Test No. 2 gives results from a horizontal boiler twenty-four years old, having 
the original set of tubes. It shows excellent results when burning coal at a rapid rate 
and gives a boiler horse power from 7.7 square feet of fire heating surface. 

The claim that water tube boilers are more rapid steamers and more readily 
respond to sudden demands than fire tube boilers, is made more often than any other. 
This is asserted on the assumption that they contain less weight of water in proportion 
to the heating surface, than do horizontal tubular boilers. This is an incorrect assump- 
tion, as can be easily shown. The four most conspicuous types of water. tube boilers 
contain, per square foot of heating surface, 7.66 pounds, 8.34 pounds, 8.37 pounds and 
8.62 pounds of water, while the 72”, 78’, 84’ and 90” horizontal tubular boilers con- 
tain 6.73 pounds, 7.00 pounds, 7.24 and 7.65 pounds, respectively. These figures show 
that the claim for water tube boilers is derived from the wish rather than from the facts. 

We beg to call particular attention to the weakness of the claim advanced by 
various water tube boiler manufacturers, viz., the element of danger in the horizontal 
tubular boiler. A careful examination of the records of explosions held by boiler insur- 
ance companies brings out the astonishing fact (to water tube boiler users) that, during 
a period of nineteen years, which is the life of the butt-strap high pressure horizontal 
tubular boiler, there has not been one authentic case of an explosion of this type of boiler, 
while during the same time, the explosions of tubes, drums and headers in water tube boiler 
plants have been of frequent occurence, often accompanied by loss of life, and in a num- 
ber of cases, entire safety water tube boilers have exploded, causing frightful loss of 
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property and life. (See page 63.) These facts in regard to safeiy have caused many 
manufacturers to return to the horizontal tubular boilers who had previously discarded 
them. 

In simplicity of principle, the horizontal boiler leaves nothing to be desired ; 
and in economy, both at time of installation and after many years’ usuage, it stands 
pre-eminent. The readiness with which the tubes can be thoroughly cleaned and the 
easy access to every part of the boiler, insure cleanilness at all times, which means a 
constant economy, even in the very old boilers. 

It has also been proven that the cost of repairs on the horizontal tubular boiler 
is much less than on any other type of brick set boiler. Many of our boilers have been 
in use more than twenty years, and some few twenty-five years, with the original sets 
of tubes. Furthermore, there is always an open market for repairs. With other brick 
set boilers the tubes generally last but a few years after the boilers are installed, and in 
many cases can only be purchased from the builder of the boiler at an exorbitant price. 

The horizontal return tubular boilers need but a chance to respond to any demand. 
Some makers do not seem to realize their excellence and still continue the rating of 12 
square feet of heating surface per horse power, when it has been proven time and again, 
by tests, that a horse power can be obtained from 10 square feet, or less, depending 
entirely upon the size of the grate, quality of coal and the amount of coal burned per 
square foot of grate per hour. 

The following table gives, approximately, the horse power which can be pro- 
duced from a 72” boiler containing 1500 square feet of heating surface, with different 
grate areas when burning 17 pounds of coal per square foot of grate per hour, also the 
number of square feet of heating surface per horse power with each size grate. The 
last column of figures gives the coal consumption per square foot of grate surface to 
produce the normal rating of boiler, 150 horse power. 


ceceiGots, Ria Htig Se Biase) Heng Sete eee 
20 square feet. 753. —1 100 15 square feet. 25.5 pounds. 
25 ee 60 -1 125 12 a « 20.4 - 
30 i é 50 -1l 150 10 vt os dey, Ss 
SV fy). a 40 -1 187.5 8 io S 13.6 te 
40 o sf 37.51 200 ifeky Si “ 25 


At a meeting of the New England Boiler Manufacturers’ Association, held Oct. 
31, 1907, it was decided to call 10 square feet of heating surface a horse power on all 
horizontal tubular boilers, and the tables on pages 23, 24, 25, 26 and 27 are based on 
this rating. For further information on horse power see page 50. 

On page 9, twenty-one tests will be found of horizontal tubular boilers, from 
representative manufacturing concerns, and we wish to call attention to the results, 
viz., horse power developed, coal burned per square foot of grate per hour, water evap- 
orated per pound of coal and combustible, boiler horse power developed per square foot 
of grate, number of square feet of heating surface per horse power, and the tempera- 
ture of escaping gases. Special attention is called to the results of tests 4, 5, 6, 7, 18, 20 
and 21 on 90” boilers, of which size we make a specialty. 
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Horizontal Return Tubular Boiler 


Showing Boiler Setting with Full Overhanging Cast-Iron Front and 
Two Single Furnace Doors 


K manufacture horizontal tubular boilers in sizes from 6.6 to 452.5 horse 
power, based on 10 square feet of heating surface per horse power. See 
tables on pages 23, 24, 25, 26 and 27. : 

In the construction of our boilers the solid erowfoot, or the longitudinal type of 
bracing is used. These braces are so arranged that the tension to which each is sub- 
jected is the same. The butt-strap joints, as shown on pages 48 and 49, are used 
exclusively by us in all boilers and are arranged to come well above the fire line. 
The nozzles, brackets, blow-off flanges, safety-valve Y’s, etc., are shown in detail 
on the following pages. Domes are furnished when desired, and the method of 
construction 1s shown on page 17. 

In the small boilers, a handhole is placed in each head below the tubes, but in 
the larger sizes a manhole may be placed in the front head, as shown on page 13. 
This manhole permits of access to boiler under tubes for inspection, cleaning and 
repairs. 
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Horizontal Return Tubular Boiler 


Showing Boiler Setting with Full Flush Cast-iron Front and 
Double Furnace Doors 


N the construction of our boilers the rivet holes are first punched small, the 

plates then planed and rolled into a true circle, by gradual and regular 

increments. The courses are then bolted together and the rivet holes drilled 

in place 75’’ larger than the diameter of the rivet. After drilling, the plates 

are separated and the burrs, oil, etc., completely removed. The courses are then 
reassembled and the rivets driven under hydraulic pressure. 

When a boiler is ordered complete, we furnish the front in any style desired, 
including dead plate, sides and arches for fire doors, anchor rods, rear arch 
bars, buckstays and rods, wall plates and rolls, cleanout door, a set of grates and 
bearer bars, water column, water gauge, gauge cocks, steam gauge, safety valve, 
and when boilers are suspended from I-beams or channels, we furnish all necessary 
structural work, as shown on subsequent pages. 

All our boilers are tested before shipment, by some reliable boiler insurance 
company, to one and one-half times the maximum working pressure. 
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Horizontal Return Tubular Boiler, 275 Horse Power, in Three Courses 


Showing Longitudinal Bracing, Quadruple Butt Joints, Gun Iron Hangers for Suspension, Gun 
Iron Nozzles and Manhole under the tubes 


Horizontal Return Tubular Boiler, 325 Horse Power, in Two Courses 


Showing Longitudinal Bracing, Quadruple Butt Joint, Steel Plate Brackets, Pressed Steel Nozzles 
and Manhole under the tubes. No Cast-Iron used in the construction of this boiler. 
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Front End of Horizontal Tubular Boiler Front End of Horizontal Tubular Boiler 
Showing Crowfoot Bracing and Handhole under Showing Longitudinal Bracing and Manhole 
the tubes. under the tubes. 


Section of Horizontal Tubular Boiler Section of Horizontal Tubular Boiler 


Showing Crowfoot Bracing and Inside Strap of Showing Longitudinal Bracing and Channel Stiff- 
Butt-Joint. eners on inside of head. 
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Steel Plate Flush Front : Steel Plate Overhanging Front 


= Steel Plate Fronts 


Owing to the increasing demand for 


steel plate fronts we have designed the 


improved’ types as shown by the cuts on 


this page to meet the requirements of 


the trade. 
These fronts are constructed of thick 


boiler steel and securely stiffened on the 


furnace side. This type of boiler front 


cannot possibly crack, and during recent 


years has rapidly come into favor. 


The two upper cuts of the flush and 


overhanging steel fronts show two single 


fire doors. If preferred we will furnish 


double fire doors as shown on page 11. 


Steel Piate Overhanging Front 


Showing Ashcroft door and open ash-pit 
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Setting of Horizontal Return Tubular Boiler 


Showing Extension Front or Dutch Oven 


This form of setting is used in sawmills and other plants where sawdust, shavings 
and slabs constitute the bulk of fuel. Sawdust and shavings are fed through the openings 
on top of furnace, while the regular fire doors are used for coal and large slabs. On account 
of the large grate which is installed with this form of setting, the full rating of the boiler 


is obtained when green fuel is used. 


Steam Domes 


Section of steam dome showing side and top 
steam outlets, and method of connecting to boiler. 
This form of dome can be applied to any size 
boiler. See tables on pages 29 and 31 for sizes 


and location. 
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Steel Stacks 


The above cuts show three different types of steel stacks, viz.: stack resting on dry- 
sheet of horizontal tubular boiler, guyed stack set on brickwork, and self-supported stack 
with enlarged base. We are prepared to furnish the above stacks in any desired size. 
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Types of Brackets and Hangers used with Horizontal Tubular Boilers. 


Strap Hanger “‘Ryerson’’ Hanger z Pressed Steel Bracket 
Gun Iron Bracket - Bent Plate Hanger Gun Iron Hanger 


Moulded Fire-Brick Mouthpiece 


Used in connection with our Flush or 
Overhanging Fronts. 
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-Transverse section showing method of suspending boilers in battery, using channel girders, 
hollow cast-iron columns, strap hangers and U-rods. 
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Transverse section showing method of suspending boilers in battery, using I-beam girders and 
columns, gun-iron hangers and upset steel rods. No columns between boilers. 
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Transverse section showing method of suspending boilers in battery, using channel or I-beam 
girders resting on brickwork, strap hangers and U-rods. This section also shows 
method of constructing furnace for extra wide grates. 


HEAVY STEEL SPRING 
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Longitudinal section showing boiler suspended from six points, using channel girders, cast-iron 
columns, gun-iron hangers and upset steel rods. Heavy steel equalizing 
springs used on center supports. 
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Longitudinal section showing. boiler suspended from three points, using channel girders, cast-iron 
columns, strap hangers and U-rods. Heavy upset steel rod used for third support. 


Boiler Suspension 


The foregoing drawings show 
several standard methods of  sus- 


pending boilers in use at the present 


time. If one or two boilers are to 
be suspended we recommend that 
all columns be placed on the outside 
of setting so that they may not be 
unduly heated. If three or more 


boilers are to be used we recom- 


mend increasing the distance be- one BRIDGESWALE OUTSIDE LINE 
4 CAST IRON } 
tween boiler centers from standard COLUMN Heuer aeaeiae NG SETTING 
[I 
measurements and placing between iat a ae 


boilers cast-iron columns connected 


by air ducts to outside of setting. 


For general dimensions of suspen- 


sion work see table on page 33. 


Transverse section 


D. M. DILLON STEAM BOILER WORKS, 


FITCHBURG, MASS. 


SIZE AND RATING OF HORIZONTAL RETURN TUBULAR BOILERS 


*BASED ON TEN SQUARE FEET OF HEATING SURFACE PER HORSE POWER. 


BOILERS WITH’ HANDHOLE IN FRONT HEAD 


§Thickness of shell for 


- Dia. of Length | owen Size of tubes Grate sur- 
Power Her | over alle | “Ortubes | Diameter] Length [ 395 ys, | 150 Is. | 175 Ibs. | 200 tbs. | 
Inches Ft. In. Inches Feet pressure pressure pressure pressure Sq. Ft. 
." 2 6 } t he 1s i 1.32 
12 2} 6 } } = es ! Ts 1.32 
2 iS /5n Gear oes Gee S a 1.52 
: 7-10 2} 7 ee re ee Ts 1.54 
{ 8.7 24 8-10 15 2 8 a oe aan a Ds L.74 
8.7 24 8-10 72 35 8 — a Te 1.74 
9.7 24 9-10 15 3 9 ae ee : oe a ane Re 
9.7 a 9-10 12 a | 8 - |. & tT | oe rs 1.94 
10.7 24 10-10 15 2 va + | +. |e. 214 
10.8 24 10-10 12 23 10 : ] 32 ts 2.16 
11.7 24 11-10 15 2 a } ve 5 2.34 
11.8 24 11-10 12 2 | CL t } or ts 2.36 
12.5 “30 9-0 15 3.)hUY”)UC~t”SC*~SY:*~<S< St‘C;*é‘C SS pay 3 2.50 
12.8 04 12-10 15 > ie | & | 4 as Ts 50 
12.8 24 | 12-10 12 eo im | ft =| fd le Ps 7.56 
: z 9- Dy) pm 8 T Ps aE ‘2 2.66 
| 
14.0 30 10-70 | Id a oe ts ut q 2.80 
14.9 30 10-0 20 2 | 4 rs | 32 3 
15.5 30 T1-0 15 aris H te |- de | ; 
F 16.5 30 11-0 20 3.6Cd|«610~C*«SY:té<‘<i‘ S 7 | 2 | 2 3.30 
17.0 3 | 120 | +Is | 8 Si ies i) vee ee Ces 3 3.40 
18.1 30. =[ 12:0 | 20 Oye ib Sate oleae ee 3.62 
18.5 30 13-0 15 | 3 [ae } | | iy z 3.70 
19.7 30 13-0 | 20 a ie a ae ee # 3 3.94 
19.8 ETS nn 43 B 3.96 
19.9 30 140 15 3 3B | ¢ | ate 3.98 
19.9 36 9-0 32 23 | 8 | m& | d 43 i 3.98 
21.8 30 14-0 | 20 23 | 13 | + 15 3h E 4.26 
a2 30 15-0 15 3 14 } 2 * |. 45 t — 
22. 36 10-0 | 26 3 9 a ae; ee ee 43 Az 
ma = 10-0 | 32 25 9 Ps 4 iH | : = 
; 0 15-0 20 4 | 14 Ea | 5 | rr al 5 
24.5 | 36 11-0 | 26 3 10 ein 1 ie ui le 4.90 
7 ae 36 11-0 32 2 4k 43 i 4.94 
25. 42 9-0 3 iF i ae i 
26.9 36 12-0 26 3 11 tee u i | ii 5.38 
71°] 86 12-0 32 2h 11 Ce ee a3 5.42 
ia Ee ai ee 9 os oT i 
38.5 [| 42 90 | 48 | 2 8 a ur | 48 2 
~¥F 29.2 36 13-0 oC fT" s- Te an [ae 33 5.84 
Te eee es |, ese | : eae: mz! 5.90 
aa 1-0 | 34 3.6| 10) | se | ho |l Ud TCU 6.28 
aL a ne a! ts Hw |) O# j 
. j_ 140 23 ts | UB 
31.9 42 10-0 | 48 2h 9 ee gt |B 33 
34.0 36 15-0 | 26 3 14 ts 3 33 38 -80 
34.2 36 15-0 | 32 ay 14 ts Hy H 3B 84 
34.4 42 120 | 38 S | i | iW 13 a 6.88 
35.3 42 11-0 48 oy [10 of | ee 38 3 7.06 
ft 36.3 36 16-0 26 3 15 | ys | 33 33 EE -26 
36.6 36 16-0 32 2h 56 [| * | 4 33 EE 7.32 
t 37.4 42 13-0 34 3 2 | | db | 8 3.7.48 
38.7 36 17-0 26 3 16 | Os a 144 
38.7 42 12-0 48 2} ul o& | 8 J wo) 74 


* Rating adopted by the N. E. Boiler Mfrs’. Association Oct. 31, 1907. 
+ Ratio of grate surface to heating surface equals one to fifty. 
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1 Standard sizes usually carried in stock. 
$ Tensile strength of plates, 58,000 pounds 


D: M. DILLON STEAM BOILER WORKS, FITCHBURG, MASS. 


SIZE AND RATING OF HORIZONTAL RETURN TUBULAR BOILERS 


*BASED ON TEN SQUARE FEET OF HEATING SURFACE PER HORSE POWER 


BOILERS. WITH HANDHOLE IN FRONT HEAD MANHOLE IN FroNT HEAD 
Dia. of | Length Size of tubes §Thickness of shell for + Grate Grate 
Florse | Doller over all.) rumrpes (Diameter|’ Length los yps 50 ths.(175 1bs.|200 tbs." |] Fower | tubes | "8°? 
Inches | Ft. In. TWGTOe: Feet press're|press’re|press're|press’re| Sq. Ft. Sq Ft. 
ara ar | can 
39.0 | 36 17-0 32 2h 16 | | 43 | 8 7.80 
40.5 |__ 42 14-0 | 34 3 13. | & | 3 eae 8.10 
42.1| 42 |13-0 | 48 | 23 | 12 | » | 43 | 38 | 43 | 8.42 
43.5 | 42 15-0 34 3 14 er 4d 1 33 8.70 || pele 
45.5142. | 14-0 | 48 2h 13 | | dee a 
t 46.5| 42 | 16-0 | 34 3 15_ | g | 3 | 38 | 38 | 9.30 
47.8| 48 | 13-2 | 38 ; (a | ee 9.56 || = 
48,.0| 48 | 15-0 | 48 | 2h it fo | A a 1 a8 4 
_ 49.5 | 42 | 17-0 | 3! 3 Ie | 3 | #4 | | 9.90 | 
51.7 | 48 | 14-2 38 33 | 18 o | $# | %& | 2 10.34 ii 
52.4 | 42 16-0 48 2} 15 gi | 34 | 43 | 32 | 10.48 
52.6 | 48 13-2 50 3 12 fs | # | x | 3 10.52 
__ 55.6 | 48 15-2 38 3h 14 vs | 3 ts 12 11.12 
55.8 | 42 | 17-0 | 48 k 10] ee | BO OB 16 
56.9 | 48 14-2 } 50 8: i | & | ole tS 11.38 
59.4 | 48 16-2 38 | 3h 15 | + | 3 vs | # 11.88 
61.2 | 48 15-2 50 3 _i4 vr | 3 vs | 2 12.24 
63.3[ 48 | 17-2 | 38 3} 16 | 6S | f | he |B 12.66 || 
‘t 65.4 | 48 16-2 50 3 me | + | ome ee 13.08 
67.2:|__48 18-2 | 38 | 33 17 ‘we Se ws: 13.44 ‘a 
69.7 | 48 17-2 50 3 16 a | 3.) ge 1 t 13.94 || 
71.1 | 48 19-2 38 3h 18 ae is 3 14,22 
73.7 | 54 15-2 52 33 14 A vs | 4 vs_|_ 14.74 | 
74.0 | 48 18-2 50 3 wv s| tf | § | ee | 4 14.80 || ‘ 
74.9| 54 |.15-2 | 62 3 iw |t | we | t Fw | aoe | 
78.2| 48 | 19-2 | 50 3 is | tw | 3 vs | 3 15.64 | 
78.9-| 54 16-2 52 3h 15 g vs | 4 vs_| 15.78 | | 
$80.1 | 54 | 16-2 62 3 15 3 vs_| 3 | de | 16.02 
84.0 | 54 | 17-2 52 3h 16 B ts 3 vs 16.80 
85.3 | 54 17-2 | 62. 3 16 8 vs | 4 Ys_|_ 17.06 | 
99.2; 54 | 18-2 | 52 3} 17 | 3 te | 4 ts_| 17.84 || 
89.6 | 60 15-2 64 3h 14 3 ys | $ | a | 17.92 77.8 | 54 | 15.56 
905; 54 |aeo |e | 3 | a |4 [14 | | 1810] 
94.3 | 54 19-2 52 3} 18 3 qs | 4 Ps_| 18.86 
95.8 | __54 19-2 | 62 3 18 8 vs_| 3 vs_|_19-16 || 
95.8.| 60 64 3} 15 8 ts | 3 vs | 19.16 || 83.2 | 54 | 16.64 
96.7 | 60 82 3 | ee vs | 19.34 || 86.6 | 72 | 17.32 
99.4 | 54 52 3h 19 z ts | 3 vs_|_ 19.88 
101.0.| 54 62 | 8. 19 3 vs_|_ 4 te_ | 20.20 
102.1 | 60 or ae: 16 | ¢ ts | 4 a 20.42 || 88.6 | 54 | 17.72 
103.5 | 60 1 82 3. | 15 A ws | 3 x | 20.70 || 92.7 | 72 | 18.54 
104.6| 54 [| 2 52 3} 20 [| ¢ | ws | 3 a | 20.92 ee 
106.2 | 54 | 2 62 3 20 A vs | 3 ys | 21.24 
108.3 | 60 | 18-2 | 64 | 33 17_| 3 vs | 4 |x | 21.66 || 93.9 | 54 | 18.78 
t110.3[ 60 | 17-2 [. 82 [ 3 16. | § | & | 3 #; | 22.06 || 98.7 | 72 | 19.74 
114.6 | 60 | 19-2 |. Gt | 33 18 | & | vs | 3 v; | 22.92 || 99.3 | 54 | 19.86 
5 33 14 ae 2a: 23.00 || 103.1 mz! 20.62 
ae 4 | ae |? vs_| 23.40 || 104.7 | 72 ae 
3} 19 g 15 3 vs_| 24.16 || 104.7 | 54 | 20.94 
3} 15 ag | 38 | 32 | 4 24.60 || 110.3 | 74 | 22.06 
3 18 E te 3 we | 2676 || toa | 72 | 22.76 
3 | m4 [| | 4 [ 32 [8 | 2.36 || 114.6| 98 | 22.92 
3} 20 Fs | 3 vy; | 25.42 || 110.1] 54 | 22.02 
3. | 19 3 ; | F y; | 26.10 | 116.8] 72 | 23.86 
* Rating adopted by the N. E. Boiler Mfrs’. Association Oct. 31, 1997, { Standard sizes usually carried in-stock. 
+ Ratio of grate surface to heating surface equals one to fifty. § Tensile strength of plates, 58,000 pounds. 
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D. M. DILLON STEAM BOILER WORKS, FITCHBURG, MASS. 


SIZE AND RATING OF HORIZONTAL RETURN TUBULAR BOILERS 


*BASED ON TEN SQUARE FEET OF HEATING SURFACE PER HORSE POWER 


BOILERS WITH Rinoaara IN Front HEAD Ty] MANHOLE IN FronT HEAD 
: Dia, zal Length ae Size of tubes §Thickness of shell for + Grate | 2 a + Grate 
. er |p; Ss No. 
Bower | | o'| of tubes Diameter) Length |195 ps [150 1bs.|175 Tbs.|200 Ibs. oe | Bewepel gipes | 
Inches | Ft, In. Inches Feet ier re|press’re|press’re|press’re| Sq. Ft. | Sq. Ft. 
131.0| 66 | 17-4 | 84 3h re | 48 | 48 | ae | f | 26.20 || 117.5 | 74 | 23.50 
135.6 | 66 16-4 | 110 3 15 HLH |u| 3 27.12 || 122.6] 98 | 24.52 
137.3 | 60 21-2 82 3 20 3 ts_|_ 3 ts_| 27.46 || 122.8 | 72 | 24.56 
139.1| 66 | 18-4 | 84 3} + wv | 4 | a3 | ag | # | 27.82 || 124.7 [ 74 | 24.94 
142.8 | 72 15-6 | 106 33 14 | Fy 19 | 18 | 28.56 || 130.9 | 96 | 26.18 
$144.5] 66 | 17-4 | 110 8 16 en ee 28.90 || 130.6 | 98 | 26.12 
$147.1] 66 19-4. [| 84 | 3h 18, | 42 14k | |e 29.42 | 131.9| 74 | 26.38 
152.7 | 72 | 16-6 | 106 3h 15 ts | 3 43 | 45 | 30.54 || 140.1 | 96 | 28.02 
~153.4| 66 | 18-4 | 110 | 3 17 | 48 | 38 «| ae | # | 30.68 | 138.6 [ 98 | 27.72 
154.8 | 72 15-6 | 136 | 3 14 ts i [4 18 30.96 |[ 142.7 | 124 | 28.54 
155.1 | 66 20-4 84 3} 19 3] HO a8 31.02 || 1389.0 | 74 | 27.80 
162.3 | 66 19-4 | 110 8 18 4 ve i 32.46 || 146.6 | 98 | 20.32 
: 162.7 | 72 | 17-6 [| 106 3} 16 7 } iH [ i 32.54 || 149.2 | 96 | 29.84 
~ 163.2 [ 66 | 21-4 84 3h 30 Ho] BH 32.64 || 146.2 | 74 | 20.24 
165.7 | 72 16-6 | 136 3 15 vz | 4 # . 83.14 || 152.7 | 124 | 30.54 
165.9 | 78 15-8 | 124 33. [14 BH] oS | 2 33.18 || 154.0 | 114 | 30.80. 
17i.1 | 66 -{ 20-4 | 110 3 Ce 34.22 || 154.6 | 98 | 30.92" 
~ 171.2 | 66 29-4 84 3} 21 a ee 34.24 || 153.4 | 74 | 30.68" 
‘172.7 |__ 72 18-6 | 106 3} ae ee ae yo | tt | 84.54 || 158.4 | 96 | 31.68 
$176.5 | 72 | 17-6 | 136 | 3 | 16 vs_| + | 4 | té | 35.30 || 162.6 | 124 | 32.52 
176.8 | 78 15-8 | 156 3 14 4 | os | 3h | 3h | 35.86 |] 164.7 | 144 | 32.94 
eee Dg EE ee a 
179.2 | 66 | 23-4 84 8 22 a8 | 3 8 : 4 isl 
~ 180.0; 66 | 2-4 | 110 H 3 | 20 | 48 dE i 36.00 || 162.7 | 98 | 32.54 
$182.7 | 72 19-6 | 106 3} 18 tz | 3 43 | 44 | 36.54 || 167.5 | 96 | 33.50 
167.4| 72 | 18-6 | 186 } 8 17_ | ws | 4 43 [| H | 37.48 || 172.6 | wt | 34.52 
188.9 | 66 22-4 | 110 3 21 uot ae Te Td 37.78 || 170.7 | 98 | 84.14 
18%1 | 78 17-8 | 124 33 16 43 | 4 | 3h | 33 | 87.82 || 175.6 | 114 | 35.12 
189.2 | 78 16-8 | 156 3 15 43 [ a | 3h | 38 | 87.84 || 176.2 | 144 | 35.24 
192.7 | 72 | 20-6 | 106 [ 33 19 vw | 4 4g] de | 38.54 || 176.6] 96 | 35.32 
107.8 | 66 23-4 | 110 3 22 #H | HO EES g 39.56 || 178.7 | 98 | 35.74 
$198.2 | | 72 19-6 | 136 3 18 vs | ¢ 19 | 4h | 39.64 [| 182.6 | 124 | 36.52 
198.5 | 84 15-8 | 150 3} 14 q ag [ 44] 38 | 39.70.|| 189.1 | 142 | 37.82 
200.7; 78 | 18-8 | 124 3} 17 uo] vs | 3h | 38 | 40.14 | 186.3 | 114 | 37.26 
$201.6 | 78 17-8 | 156 3 16 13 | 9 | 3h | 38 | 40.82 || 187.7 | 144 | 87.54 
$ 202.7 | - 72 21-6 | 106 [ 3} 20 | xe | 4 49 | 44 | 40:54 || 185.8 | 96 | 37.16_ 
~ 200.1 | 72 20-6 | 136 | 8 19 | ws [| 3 48 | He | 41.82 || 192.6 | 124 | 38.52 
$212.3] 78 19-8 | 124 33 [| 18 43 | fs | 3h | 38 | 42.46 || 107.1 | 114 [ 39.42 
~ 212.4 [ 84 | 16-8 | 150 | 33 1 | 4 f 48 [ He | Be | 42.48 || 202.3 | 142 | 40.46 
212° aI 22-6 | 106 33 21 vw | 2 43°] Fe | 42.54 194.9 | 96 | 38.98 
~ 214.0 | 78 18-8 | 156 3 17 43 | | 3h | 38 | 42.80 || 199.3 | 144 | 39.86 
217.2 | 84 15-8 | 194 3 14 q ye | 44 | 38 | 43.44 || 203.0 [180 | 40.60 
$219.9 | 72 21-6 | 136 | 3 20 vw | ¢ 43 | 44 | 43.98 || 202.5 | 124 | 40.50_ 
222.7 | 72 |- 23-6 | 106 33 22 ts | 4 44 | 4h [ 44.54 || 204.0 [96 | 40.80 
“223.9 | 78 20-8 | 124 3h 19 a3 | oe [ 3k | 3B | 44.78 || 207.8 [114 | 41.56 
226.3 | 84 17-8 | 150 34 16 4 ae | 48 | 98 | 45.26 || 215.5 | 142 | 43.10 
$226.4 | 78 19-8 | 156 3 18 BT Os 6 Bk 638 «f 45.28 || 210.8] 144 | 42.16 
230.7 | 72 22-6 | 136 0 “21 <a : uE | He [46.14 | 212.5 | 12a | 42.50 
231.2 | 90 15-10 | 176 3y 14 H q 3% | 46.24 || 221.8] 168 | 44.36 
282.4 | 84 16-8 | 194 3 15 a i i i 46.48 || 217.2 180" 43.44 
$235.5 | 78 | 21-8 | 124 3h 2Q TE | vs | He | HF [47.10 |[ 218.6 | 114" | 43.72 
238.8 | 78 20-8 | 156 3 19 mT Ss | 3 | 38 | 47.76 || 222.3 [144 | 44.46. 
240.2 | 84 18-8 "| 150 3} 17 I 33 | 4h 1 23 | 48.04 || 298.7 | 142 | 45.74 
B16) 7 23-6 | 136 3 29 oe | ag | th | 48.32 || 222.5 [124 | 44,50 
| ol 
* Rating adopted by the N. E. Boiler Mfrs’. Association Oct. 31, 1907. } Standard sizes usually carried in stock. 
+ Ratio of grate surface to heating surface equals one to fifty. § Tensile strength of plates, 58,000 pounds. 
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D. M. DILLON STEAM BOILER WORKS, FITCHBURG, MASS. 


SIZE AND RATING OF HORIZONTAL RETURN TUBULAR BOILERS 


*BASED ON TEN SQUARE FEET OF HEATING SURFACE PER HORSE POWER 


BOILERS WITH HANDHOLE IN Front HEAD m - “MANHOLE IN FRONT HEAD 
Dia. “| Length ;  Size.of tubes ii §Thickness of shell for | + Grate P + Grate 
Power | POUT [over All| Srfubes [Diameter] Length [195 yps 150 tbs.|i75 wbs.,200 tbs! "8°? || Power | tubes | “UC? 
Inches | Ft. In. Tram [at pre press’re}press're| Sq. Ft Sq. Ft. 
247.1] 78 22-8 | 124 a 21 4b | owe | Fh $ | 49.42 || 229.3] 114 | 45.86 
247.4| 90 | 16-10 | 176 3 | 615 ~6«[ 4 t | t | FE | 49.48 || 237.3 | 168 | 47.46 
fave |e. | Ws [ee fa iy o[ de | 58 | 40.52 || 231.4 | 180 | 46.28 
249.4 | 90 | 15-10 | 22a |e a ae Tk | | 49.88 [235.3 | 210 | 47.06 
$251.1 [78 | 21-8 | 186 | 3 | 20 | ae | ve | | ¥F | 50.22 | 233.8 | 144 | 46.76 
$254.1 | 84 19-8 | 150 | 3h 18 } 43 te | 38 | 50.82 || 242.0 | 142 | 48.40 
258.7 | 78 | 23-8 | 124 3¢ [22 BL ts | fh | FE | 51.74 || 240.1 | 114 | 48.02 
ae 96 15-10 | 200 | 34 14 ys | 44 | 38 | 38 | 52.82 | 249.8 | 190 | 49.96 
262.87 84 | 188 [ioe [8 | iy |e | ae [de | $F | 82.56 | 245.6 [180 | 49.12 
263.5 | 78 | 22-8 | 156 3 a | 48 | oe | as | 3e | 62.70 || 245.3 | 144 | 19.06 
263.6 | 90 | 17-10 | 176 3h 16 i Hi £ 34 | 52.72 || 252.8 | 168 | 50.56 
266.9 | 90 16-10 | 224 3 15 } 5 A 3% | 53.38 || 251.81 210 | 50.36 
268.0 | 84 20-8 | 150 3} 19 ry 1g HE] 33 7 53.60 || 255.2 | 142 | 51.04 
275.9 | 78 | 23-8 | 156 [3 | 22 [ 38 | we | He | 33 [ 55.18 || 256.8 | 144 | 51.36 
£2781 | 84 | 19-8 | 194 3 1 | aT | 55.62 | 259.9 | 180 | 51.98 
“279.8 | 90 | 18-10 | 176 a.) i. Cae + | 3 55.96 || 268.3 | 168 | 53.66 
BN 96 16-10 | 200 3} 15 vs | 4h | 3% | 32 | 56.00 |] 267.3 | 190 | 53.46 
$281.9 | 84 21-8 | 150 3h 20 4 ao] 4h | 33 | 56.38 || 268.4 | 142 | 53.68 
¥284.4 | 90 17-10 | 224 | 3 | i6 | #3 | ¥ | 3 | 3% | 56.88 || 268.2 | 210 ba 
289.8 | 96 15-10 [ 262 | 3 | 4 | x ma [ 3 | 57.96 || 275.7 | 248 | 85.14 
293.3 | 84 | 20-8 | 194 5 | we 4 ue | 48 | 32 | 58.66-|f 274.1 | 180 | 54.82 
295.8 | 84 | 22-8 | 150 3h a 43 | da [33 [59.16 || -281.6 | 142 | 56.32" 
£296.0 | 90 19-10 | 176 3h 18 i aa: A 2 | 59.20 || 283.8 | 168 | 56.76 
298.3 | 96 17-10 | 200 3} 16 te | 8 | 38 | 32 | 59.66 || 284.8 aot 56.96 
301.9 | 90 18-10 | 224 3 17 a % i 3% | 660.38 | 284.7 | 210 | 56.94 
¥308.5 | 84 21-8 | 194 3 20 } ay | 42 7 33 1 61.70 || 288.3 | 180 | 57.66 
309.7 | 84 | 23-8 | 150 33 2 [4 # Hs | FE | 61.94 || 204.8] 142° | 58.96 
310.2 | 96 16-10 | 262 3 15 te | 16 25 | 33 | 62.04 || 295.0 | 248 | 59.00 
“312.2 | 90 | 20-10 | 176 3} 19 | 3 Te |e RT 62.44 || 209.3 | 168 | 59.86 
316.6 | 96 18-10 | 200 33 17 Seay 25 63.32 || 302.2 | 190 | 60.44 
$319.4 | 90 19-10 | 224 3 18 a ee 3 63.88 || 301.2 | 210 | 60.24 
323.8 | 84 22-8 | 194 3 21 } te | 4h [3 «| 64.76 || 302.5 | 180 | 60.50 
84} 9 21-10 | 176 3} 7a ae a 3 | 314.9 | 168 2.98 
£330.5| 96 | 17-10| 262 3 16 | 4% 8 | OF 314.4 | 248 | 62.88 
$3349] 96 19-10 | 200 3} 18 vs | th | 8 [ 3 319.7 | 190 | 63.94 
336.9 | 90 | 20-10 | 224 3 19 | HI t+ 54 317.7 | 210. | 63.54 _ 
839.9 [84 | 23-8 | 194 3 22 a a ae 316.7 63.34 
344.6 | 90 22-10 | 176 33 21 a | 8 3 ay 330.4 | 168 | 66.08 
350.9 | 36 8-10 £4 1 Ts té 3a 33 i] 333.7 | 248 | 66.74 
$354.4 | 90 31-10 | 233 0 TF z ¥ 1 834.1 | 210 | 66.82 
360.8 | 90 23-10 —3y—ta woe le 77 | 72.16 [345.9 168 69.18- 
$371.2 | 96 19-10 3 18 tw | te | 8 | 4.24 ||" 353.0 | 248 | 70.60 
} 371.6 | 96 21-10 3F 20 | % | z5 | 2g ‘|[-354.6 [190 | 70.92 
371.9 | 90 22-10 3 21 Wee Tt 3% | 74.38 || 350.6 | 210 | 70.12 
389.4 | 90 23-10 | 224 3 22 HE: | to 7.8 367.1 210 [73.42 
889.9 | 96 22-10 | 200 3 21 ts | de ROT OR [372.1 [190 | 74.42 
391.5 | 96 | 20-10 | 262 [| 3 19 vw | tt | # | B 372.3 | 248 | 74.46 
408.2 | 96 23-10 | 200 3} 22 ys | dk | BS [3 “|| 889.6 | 190 | 77.92 
f4au.9[ 96 | 21-0; 222 | 3 | 20 | wel RR |B 391.6 a 
432.2 | 96 22-10 | 262 3 21 | y% | 2 RR 410.9 | 248 | 82.18 
452.5 Lf ate fe fs 22 tw | i | 3 = 430.3 | 248 | 86.06 
* Rating adopted by the N. E. Boiler Mfrs’. Association Oct. 31, 1907. t Standard sizes usuaHy carried in stock. 
t Ratio of grate surface to heating surface equals one to fifty. § Tensile strength of plates, 58,000 pounds. 
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*SIZE AND RATING OF HORIZONTAL RETURN TUBULAR BOILERS 


ee becuse TEN SQUARE FEET OF usecase en iets 5 PER HORSE Pee. 


BOILERS WITH HANDHOLE IN FRONT HEAD [MANHOLE INF. Hp. | r Botuens WITH HANpaOnenn FRONT He AD _|MANHOLEIN F. Hb. 
: ‘Size of tubes Size of tubes 
Ppoiter lover all] N90" Dia, [Lub [Home | No.of | Bore | fotier overan| Noo! | Dia, [Lwh.| Hors | No.of | Moms 
Gs GE In. | Ft. | Tn. _| Ft. In.| Tn. | Ft. z 
__48 | 13-2 | 50 | 3 12 | 52.6 66 | 21-4 | 110 | 3 | 20 | 180.0] 98 | 162.7 
_ 48 | 13-2; 38 | 3) | 12 | 47.8] |_ 66 via | 84 33 | 20 163.2 | 74 | : 146.2 
4g |14-2/ 50 | 3 | 13 | 56.9| 72 | 15-6 | 136 | 3 | 14 | 154.8] 124 [| 142.7 
48 | 14-2 | 38 | 3) | 13 | 51.7 . | 72 | 15-6 | 106 | 33 | 14 | 142.8] 96 [130.9 
ag | i562 | 50 | 8 | a4 | Ohe een _||_ 72 | 16-6 | 136 | 3 | 15 | 165.7] 124 | 152.7 
48 | 15-2 | 88 | 34 | 14 | 55.6| _|| 72 | 16-6 | 106 | 3} | 15 | 152.7] 96 _| 140.1 
_ 48 | 16-2 | 50 | 3 15_ | 65.4 _| ||, 72 | 17-6 | 136 | 3 | 16 | 176.5) 124 | 162.6 
48 | 16-2 | 38 | 3) | 15 | 59.4] _ || 72 | 17-6 | 106 | “” 16 | 162.7| 96 | 149.2 
_ 48 | 17-2 | 50 3 TCRINGOR lee | 72 | 18-6 | 1836] 3 | 17 | 187.4) 124 | 172.6 __ 
4g | 17-2 | 38 | 8). cig | 72 | 18-6 | 106 | 3} | 17 | 172.7| _96_| 158.4 
48 | 18-2 | 50 | 3 17_}74.0 72 {19-6 | 336] 3 | 18 | 198.2] 124 | 182.6 
48 | 18-2 | 38) [8h dear 66722) || 72 | 19-6 | 106 | 33 | 18 | 182.7] 96 | 167.5 
48 | 19-2 | 50 | 3 | 18 | 78.21 [| 72 | 20-6 | 136] 3 | 19 | 209.1] 124 | 192.6 
48 | 19-2:| 88.) 33h |e 70 72 | 20-6 | 106 | 33 | 19 | 192.7] 96 | 176.6 
5A | 15-2) 162 sf 8 14 | 74.9 2 72 | 21-6 | 136 | 3 | 20 | 219.9] 124 | 202.5 
4 |. 15-24) 52) | Beela4 173.71. 72 | 21-6 | 106 | 34 | 20 | 202.7] 96 | 185.8 
54_| 16-2 | 62 | 3 15_| 80.1 78 | 15-8 |_156 | 3 | 14 | 176.8| 144 | 164.7 
54 | 16-2 | 52 | 34 | 15 | 78.9 I 78 | 15-8 | 124 | 33 | 14 | 165.9| 114 | 154.0 
54 | 17-2 | 62 | 3 16_ | 85.3 78_| 16-8 | 156 | 3 | 15 | 189.2] 144 | 176.2 
54 | 17-2 | 52 | 33 | 16 | 84.0 78 | 16-8 | 124 | 33 | 15 | 177.5] 114 | 164.8 
4 | 18-2 | 62 | 3 | 17 | 90.5 78 | 17-8 | 156| 3 | 16 | 201.6] 144 | 187.7 
| 54 | 18-2 | 52. | 3h | 17 89,2 | | 78 | 17-8 | 124 | 3% | 16 | 189.1{ 114 | 175.6 
54 | 19-2 | 62 [3 | 18 | 95.8] _ z 78 | 18-8 | 156 | 3 | 17 | 214.0] 144 | 199.3 
54 | 19-2 | 52 | 33 | 18 | 94.3 i 78 | 18-8 | 124 | 33 | 17 | 200.7] 114 | 186.3 _ 
54 | 20-2 | 62 | 3 | 19 |101.0 Bes | 78 | 19-8 | 156 | 3 | 18 | 226.4] 144 | 210.8 _ 
54 | 20-2 | 52 | 38 | 19 | 99.4 __|| 78 | 19-8 | 124 | 3$ | 18 | 212.3] 114 | 197.1 
5a | 21-2 | 162). |-3 20 {106.2 i || 78 | 20-8 | 156 | 3 | 19 | 238.8] 144 | 222.3 
54 | 21-2 | 52 | 33 | 20 1104.6] ___|| 78 | 20-8 | 124 | 33 | 19 | 223.9] 114 | 207.8 
60 | 15-2 | $2 | 8 14 | 96.7| 72 86.6_|| 78 | 21-8 | 156 | 3 | 20 | 251.1} 144 | 233.8 
60_| 15-2 | 64+ | 3) | 14 | 80.6) 54 | 77.8 [| 78 | 21-8 | 124] 33 | 20 | 235.5] 114 | 218.6 
| _ 60 | 1-2 | 82 | 3 15 |108.5| 72 92.7 || 84 | 16-8 | 194 | 8 | 15 | 232.4] 180 | 217.2 
_ 60 | 16-2 | 64 | 33 | 15 | 95.8! 54 | 93.2 84+ | 16-8 | 150 | 34 | 15 | 212.4] 142 | 202.3 _ 
60 | 17-2 | 82 | 3 16 1110.3; 72 | 98.7 || 84 | 17-8 | 194[ 3 | 16 | 247.6] 180 | 231.4 
GO | 17-2 | 6+ | 33 | 16 [102.1| 54 88.6 St | 17-8 | 150 | 33 | 16 | 226.3] 142 | 215.5 
60 | 18-2 | 82 | 3 17_|117.0| 72 | 104.7 84 | 18-8 | 194 | 3 | 17 | 262.8] 180 | 245.6 
60 | 18-2] ot | 33 [ 17 [108.3] 54 93.9 || 84 | 18-8 | 150 | 33 | 17 | 240.2] 142 | 228.7 
60 | 19-2 | 82 | 3 18 [123.8] 72 | 110.8 || 84 | 19-8 194 | 3 | 18 | 278.1] 180 259.9 
GO | 19-2 | 64 | 33 | 18 [114.6] 54 99.3 || 84 | 19-8 | 150 | 34 | 18 | 254.1| 142 | 242.0 _ 
60 | 20-2 | 82 | 3 19 |130.5| 72 | 116.8 || 84 | 20-8 | 194] 3 | 19 | 293.3] 180 | 274.1 
GO | 20-2 | G4 | 3h | 19 1120.8) 54 | 104.7 || S84 | 20-8 | 150 | 3} | 19 | 268.0) 142 | 255.2 
__ 60 | 21-2 | 82 | 3 20 137.3) 72 | 122.8 || 84 | 21-8 | 194] 3 | 20 | 308.5] 180 | 288.3 
GO | 21-2 | 64 _| 34 | 20 [127.1] - 54 | 110.1 84 | 21-8 | 150 | 34 | 20 | 281.9] 142 | 268.4 — 
G6 | 15-4 }110 | 3 14 {126.8} 98 | 114.6 || 90 [16-10 | 224 | 3 | 15 | 266.9] 210 | 251.8 
66 | 15-4 | St | 33 | 14 [115.0] 74 | 108.1 90_|16-10 | 176 | 33 | 15 | 247.4] 168 | 237.3 
66 | 16-4 110 | 38 | 15 1135.6} 98 | 122.6 || 90 |17-10 | 224 | 3 | 16 | 284.4] 210 | 268.2 
G6. | 16-4 | 84 31 | 15 _|123.0| 74 [110.3 90 _|17-10 | 176 | 34 | 16 | 263.6] 168 | 252.8 
66 | 17-4 [110 | 3 16 144.5 | 98 | 130.6 90 [18-10 | 224 | 3 | 17 | 301 of 284.7 — 
66 | 17-4 | 84 | 34 | 16 [181.0] 74. | 117.5 90_|18-10 | 176 | 33 | 1 | 279.8] 168 | 268.3 _ 
| __ 66 | 18-4 [110 | 3 17 |153.4, 98 | 138.6 || 90 |19-t0 | 224 | 3 _| 18 | 319.4] 210 | 301.2 
66 | 18-4 | 84 | 33 | 17 }e389.1) 74 | 194.7 90 |19-10 | 176 3y | 18 296.0] 168 | 283.8 
__66 | 19-4 |110_| 3 [18 [162.3[ 98 | 146.6 90 |20-10 | 224 | 3 | 19 336.9 | 210 | 317.7 
66_| 19-4 | 84 | 33 | 18 [147.1] 74 | 131.9 || 90 [20-10 | 176 | 33 | 19 | 312.2] 168 | 299.3 
66 | 20-4 | 110 |} 3 19 [171.1| 98 | 154.6_|| 90_|21-10 | 224 | 3 | 20 354.4] 210 | 334.1 
66 90-4 84 | 33] 19 [16.1 74 | 139.0 90 |21-10 | 176 | 33 | 20 | 328.4] 168 | 314.9 


* This table abridged from tables on pages 28, 24, 25 and 26, and eevee according to diameter of boilers. 
+ Rating adpoted by the N. E. Boiler Mfrs.’ Association Oct. 31, 
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Manning Boilers. 


C. H. Manning, superintendent of the Amoskeag Mfg. Co., Manchester, 

N. H.,* and was placed in operation in the plant of that company in January, 
1883. Thus this Manning boiler is twenty-five years old and is doing duty today at 
110 ponuds pressure, 10 pounds more than the pressure for which it was originally 
intended. The expenditure for repairs on this boiler since its installation has been less 
than $100, the greatest expense having been incurred by the taking out of a number 
of tubes, not because of defects, but to see how much they had deteriorated. Contrary 
to the theory of most boiler experts, the greatest deterioration was at the lower tube 
sheet, the tubes above the water line showing very slight wear. The first battery of 
sixteen boilers, built under the direction of Capt. C. H. Manning, was started October 
1, 1883, and fifteen of them are in service today, the sixteenth having been taken out, 
repaired and sold. The total expense per boiler, including grates in this plant, up to 
the present time (25 years’ usage) has been $375, which is a yearly expense of $15 per 
boiler. What other type of boiler can show such a record? 

Every great invention is the result of gradual evolution, and the Manning boiler of 
the present day is no exception. The first boilers of this type were built for 100 pounds 
working pressure, with low fireboxes, thin reverse flanges, were hand riveted and little 
attention was paid to the minor details, the aggregate of which constitute perfection. 

Experimental as these first boilers were, they conclusively demonstrated that the 
principle of the boiler was correct and that great possibilities lay in the development of 
its application. The correctness of its construction and design particularly adapt the 
Manning boiler for the extremely high pressures of the present time. The tube layouts 
have been carefully calculated so that the proper ratio exists between the grate and 
heating surfaces. The length of the tubes has been so proportioned to their diameter 
that practically all the heat units of combustion are absorbed. 

With the old style vertical boiler, it was almost impossible to clean the crown sheet 
and the water leg, for the simple reason that they were inaccessible. With the Man- 
ning boiler of today, the case is entirely different. The outer water leg plate is carried 
well above the firebox head, and a number of handholes placed on a line with the crown 
sheet. The tubes are placed in straight rows with one-inch spaces between them, and 
two additional extra wide central spaces run at right angles to each other, thus allowing 
every part of the crown sheet to be thoroughly cleaned. When the feed water contains 
excessive amounts of lime, magnesia or other foreign substances, a number of extra 
handholes, the invention of Capt. C. H. Manning (see page 39), are put in the shell 
opposite each tube aisle. By means of these, the trouble resulting from the accumula- 
tion of sediment, scale, etc., on the crown sheet is entirely obviated. Around the bottom 
of water leg and over fire door, handholes are also placed. A cleaning chain, also the 


T « first boiler of the Manning type (150 H. P. unit) was designed by Capt. 


*All the steam plants of this company are equipped with the Manning type of boiler, aggregating 23100 H.P. 
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invention of Capt. C. H. Manning, is placed inside the water leg, by means of which 
any sediment may be removed. 

The cost of repairs on the Manning boiler is less than on any other type, and, under 
ordinary conditions, if properly operated, there will be no expenditure for repairs in ten 
or more years. In the case of a brick set boiler, it is always necessary, no matter how 
much care is exercised, to repair the setting once a year, and the masonry around the 
doors oftener. Thus it is obvious that the expense for repairs to brick set boilers would 
equal, in from ten to fifteen years, the first cost of boiler. With an internally fired boiler, 
the economy remains constant, while with a brick set boiler, the openings in the setting 
allow the cold air to mix with the heat of combustion, thereby cooling the gases and 
rendering the boiler less efficient. 

The Manning boiler represents, without doubt, the maximum of safety in construc- 
tion. It is so designed that the strongest parts are subjected to the greatest strain, and, 
as the outside firebox and shell plates do not come in contact with the fire, they may be 
as thick as required, while the necessary strength for the thinner furnace plates is gained 
by stay-bolting. There is, of course, no danger of tube explosions in any fire tube 
boiler, this being one of the undesirable features of water tube boilers, with which tube 
explosions are of frequent occurrence. We can say of the Manning type of boiler, as of 
the horizontal tubular, that no boiler of this type, constructed with butt-strap joints, has 
exploded. This record means that at last, after many years of experimenting with the 
so-called safety boilers, whose name, in most cases, was the only safety feature about 
them (see page 63), a practical safety boiler has appeared, and its constantly increasing 
installation shows that the thankful boiler users appreciate the time and money spent to 
bring about this perfection of safety. 

The Manning type of boiler occupies less space per horse power than any other 
type of boiler designed on correct principles, and consequently, a greater amount of 
horse power may be installed in a given floor space. A single boiler of 250 H. P. re- 
quires but a floor space of 8 feet in diameter. For further information on horse power, 
see pages 50 and 51. 

The great advantage that the Manning boiler has over any other type is its ability 
to furnish superheated steam without an expensive superheater. This advantage explains 
the tremendous demand for this type of boiler in modern steam plants, where high pres- 
sure dry steam is required, and especially where turbines are used. Ten years ago, very 
little attention was paid to superheated steam and its ‘value was only recognized in this 
country recently, although the French and Germans have made use of it for a number of 
years, to great advantage. The amount of superheat ordinarily present in a Manning 
boiler is from 25° to 35°, although this temperature can be increased a great deal by 
simply lowering the water line. When turbines are used, it is often desirable to have a 
high degree of superheat, and this is obtained in the Manning type of boiler by increas- 
ing the length of the tubes. On all other types of boilers, to obtain dry steam, separate 
superheaters must be installed, which require not only a high first cost, but also a large 
expenditure from time to time for repairs, made necessary by the rapid deterioration of 
the superheaters. Superheated steam obtained under such conditions is produced at the 
expense of economy, rather than effecting the saving for which it was intended. More 
information on superheated steam will be found on pages 53 and 54. 
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As regards economy, an examination of the tests shown on page 37 will prove that 
this type of boiler is equally efficient as the “time-honored horizontal tubular boiler.” 
The question very often arises as to why the Manning boiler should be so efficient when 
the gases travel but a short distance and in straight lines. A moment’s consideration will 
explain. The tubes are of small diameter and of such length that the heat units are 
practically all removed when they enter the uptake, as shown by the temperature. See 
tests on page 37. These tests prove conclusively that the Manning boiler is as econom- 
ical as any type of boiler in use at the present time. 

In every brick set boiler, there is a large percentage of heat lost by radiation. 
This amount is estimated by able engineers at about 5%. With the Manning boiler, 
there is no brickwork, and consequently no heat loss by radiation. This type of boiler, 
on account of its construction, requires less chimney draught to burn a given amount of 
fuel than any other type of boiler. The gases pass directly from the combustion chamber 
through the tubes into the smoke bonnet, without a single turn. As every turn seriously 
affects the draught, it will be seen why the above statement is correct. The following 
are a few of the many points of excellence which clearly show the superiority of Man- 
ning boilers : 

Low cost of installation; economy of fuel; good circulation; low cost of mainte- 
nance; ability to easily clean fire and water surfaces ; open market for repairs; constant 
economy; high factor of safety; safety of tubes; simplicity ; absence of baffle plates ; 
effective heating surface; reliability; no short circuiting of gases; ability to furnish 
superheated steam without a superheater; absence of all brickwork, and economy of 
floor space. 

The steel used in the shell of Manning boilers is the very best quality of Open 
Hearth Firebox, with a tensile strength of 55,000-65,000 pounds. The plates in the in- 
side furnace and ogee heads are of special soft steel, with low tensile strength and high 
ductility, admirably adapted for the purposes for which they are used. The fire door 
openings are formed by flanging out the inside and outside furnace sheets and riveting 
them together. By this method, the rivets are protected from the fire, as shown on page 
41. As the fire does not come in contact with the shell of boiler, it is possible, by using 
thick shell plates and placing the staybolts closely together, to build these boilers for any 
desirable pressure, and not a few of our Manning boilers are working under 200 pounds 
pressure with most excellent results. 

On page 37, twenty tests will be found on Manning boilers, from representative con- 
cerns and made by reputable engineers. We wish to call special attention to their very 
high average economy; viz., 12.30 pounds of water evaporated from and at 212° per 
pound of combustible. It so happens that, in a majority of these tests, the boilers were 
run below their rating, but tests numbers 3, 14 and 20 show what these boilers can do 
when burning more than 17 pounds of coal per square foot of grate per hour. We desire 
to call special attention to the results of tests 17, 18 and 19, made on batteries of six, 
seven and eight boilers, respectively. 

The table on page 54, showing results obtained by lowering the water-line in an 
upright boiler, will be found very interesting to those who require a high degree of 
superheat. 
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Ogee Ring or Reverse Flange 


Cast-iron Base 


Manning Boiler 


Sectional elevation, showing cast-iron base, Ogee ring, double fire doors and general 
design. Special attention is called to the Ogee ring. By our method of construc- 
tion the flat surface between the upper and lower curves, which was found objectionable 
in the earlier types of Manning boilers, is entirely eliminated. 

The steam opening is not shown in cut, but can be placed in top head or in shell at any 
desired point. By using a cast-iron base, as shown, all brickwork is eliminated, and the caulking 
edges of lower fire box plates made accessible. 


For general dimensions of Manning boilers see page 42. 
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Horizontal Section of Upright Boiler 


Showing arrangement of handholes 
for cleaning crown sheet. 


Plain Upright Boiler 


Sectional elevation showing cast-iron base plate on brickwork and. general design. 
The steam opening is not shown in cut, but can be placed in top head or in shell at any 
desired point. 

Special attention is called to the series of handholes in the shell, on a level with the 
crown sheet, to facilitate cleaning. By this arrangement access is given to every part of 
the crown sheet. This device is recommended in localities where the feed water contains 
excessive amounts of impurities. 

For general dimensions of Plain Upright boilers see page 42. 
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GENERAL DIMENSIONS OF MANNING BOILERS. 
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2 |e) a2lalglalg2ialglaiaisis| s e\Z3) B= Boel 58 |583| 522 | 358 5) 4/4) 38 
2a (SISIiSliSl Sls lseisrslsielel es S|: os |l/2o2/8"s/8° S| §°R!] 5 BiGaleleol ss 
(A IBIEISISIERIS/SIEBialal a Ee EE S25|osk| 88! ene | en® (2/88) 2 
In, | In. In. In. | In. | In.| In |In.|In In.{In./In.|In.| In. | In| Ft.} Lbs. In. |Ft. In./Ft.In| Ft. In | Ft. In. |In./In.}In.} Lbs 
los > | i See |" ¢ as _ 5 Say 7 = 
3813/3) 81 x | vs| 8) B |e B/ 13/2) 28 24! 50 10200}| 558 | 3-43) 15-2) 18-83/18-11]] 15 i) 7s} 10000 
= ae 1 +— + _ 4 — : a 
443 | 3 | rej vol} | fol 8] fre| 4] 14/2 | 3 | 3/64 |27| 50 13450) 61 | 3-74) 17-2 20-83/20-11] 7%, | 3} x's) 13400 
a ee | o | j > if | es - a ws | ede daa 2 Sot cal a j ss 
48 | bl vel 4] 4 |] 8] alee] ait |ul2| 3 30} 6017500) 65$ | 3-93) 19-5 22-114] 23-23) 4/48] & | 19000 
Pee bes if et 4. os 7 | Salseeenall . = | eau : i a 
50 five a] Five] & | Sire] af! 14/2] 3 | 4)6-10:30 70|18900) 673 |3-103| 19-5 | 23-0 | 23-3}; 314%] & | 20500 
Ez eee lsat | al quell eu OSS sclsacanll gan aaallaau a ee ee mae 
56 fs 3 | Sep] & | LB] Rf] 8) 14/2 | 34) 4/74 [33] 70/2200) 73% | 4-14] 19-5 | 23-6 | 23-94) x" | 3] 44) 24500 
6L Ia] 3 |) os] th) F lds 2 fas | 3/14]2 | 4 |5/7-1036] 70/28800|) 80} | 4-43 20-5 | 24-64) 24-98) 7% | 43! 4 | 31000 
G7 | 4 as] &! 8 | HE] tb ire ite] 8] weed 4 |5|8-4 39, 70/35000), 864) 4-73) 20-5 | 25-0 | 25-34] 8 HH 43/ 38000 
74 is) B48) 8) ES eee! 8] 8/18) 28) 4a 6 8-10/42, 80/40000,, 9: | 25-63} $] 3) % | 43200 
—_—}— oe — 1 ——_—_ + + —_—_|— aa - Sl — = = - _ 
80 | vs| 18] $ | 4) HY aR] 4 | §/ 8) 2/23) 44/7 /9-4 |45 80/45000) 983 | 5-1}) § 3/42/23) 18] 48600 
86 |g | 43/48) $1 F | 1] blr) B] 8] 2123) 5 § 9-11/48 80'50000! L043 | 5-43) 21-2 |26-114] 27-03) 4] Z] 1 | 54000 
a ae if a | ef MST oa vem 1s la Sal eal eas a LS os co oe 
92 |b) ] F)F) FL 1) alts) 8] | 2/23) 5 | 8/10-5/50/100/55000) 1103 5-7§) 21-2 /26-11}) 27-04 | 21 1 | 59500 
cao i a z 7 aa Ss a 1 a | i eS as a TT |} agen paar a Be eet 2 ee 
96 |45/ 42] Z| 48133 \L's $12 | &] 8] 2| 23 2-4’s/8 10-9152 10060000) 1143 5-98) 21-2 [26-113 27-03) £3 | 13]1,',| 65000 
=I : ! ats | ae LS x i a | L = = — 


* Tensile strength of plate 58,000 pounds. (Factor of safety of 5 used.) 
+ For other dimensions of plain upright boilers, see corresponding size of Manning boiler 
t This dimension same as outside diameter of Turnace of corresponding Manning.boiler. 
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Small Vertical 
Boilers 


Showing different designs of Bonnets and 
Bases, also general construction. 


GENERAL DIMENSIONS OF SMALL VERTICAL BOILERS. 


Rating Shell Furnace Babes 200: of material | Base k Bonnet Hes of Stack Weight 
_ & 
Meee, | S|) ee] eho le | 2 e| [el a 4 sent bea ee ae oe @ 
ge) ga |i | & Ges) 2/3/21 2] 3/2) 2/és 3 | S| de | 298] 22/52] 28 | See 
=2/ 22/41) 2 84) 4138)/2/8 |é2l|2/elas! 8 | 8 | &8 | 825/82] 82) 88 | Bee 
Sq. ft.| In |Ftin| mn. Ft. In.]tmJtn.Jin.} mm. | tm. | mn. 
3.0 37.45] 21 | 5-0] 2 20| 3-0 | 3 [4 | $/31] 12] 10 | 5x11] 
5.0] 63.62| 24 | 5-6| 2 — 82| 3-6 | + $(34| 12 | 11 | 6x14 
6.3| 79.37] 27 | 5-6| 2 40| 3-6 | 3 | 4/4/37] 14] 12 | 7x15 
7.2\ 91.06] 30|5-6[ 2 [25 | 24] 46| 3-6 141] |40] 14 | 13 | 8x15) 
8.1 101.66] 30 | 6-0| 2 |25 | 24| 46| 4-0] 3/4] 2% /40| 14 | 13 | 8x15 
10.1 | 127.25) 32 | 6-6| 2 [27 | 24| 52| 4-6/4 | ¢{42[ 14[ 14 | 8x17 
12.0 | 150.09, 34 | 7-0| 24 ae 24 | 56| 5-0 bid |g las 14 |_ 15 | 9x16 
15.2 | 190.78, 36 | 7-6| 2} | 303| 24 | 66| 5-6 | 4/4 | $/146/ 14| 15 [10x17 
18.3 | 229.23, 40 | 8-0| 2} [343] 30| 78| 5-6 | | 2/50] 14 | 15 |10x 20 
20.8 | 260.73, 42 | 7-6| 2+ | 36} | 30| 98] 5-0 | & || ¢ [52/ 14| 16 [11x23 
25.1 | 314.00| 44 | 8-6| 2} | 38} | 30 | 100/ 6-0 | 4/5 | 2 [54] 14 | 17 [12x22 
30.0 | 375.27, 48 | 8-6 | 2} | 42} | 30 | 120] 6-0 | & | 58} 14 | 18 |13x 24 
35.4 | 442.91] 48 | 8-6 | 21 | 421 | 30 | 144] 6-0 5.| 2 158 ie 19 |14x27 
40.0 | 501.16, 54 | 9-0| 2+ | 48 | 36 | 160| 6-0 | 2 | 3) 75/64] 14 | 20 [sx 28 
45.6 | 570.13] 54 | 9-6 2 | 484 | 36 | 170| 6-6 | ¢ | ¥, 64| 14 | 21 |16x 28 
50.0 | 625.18] 54 | 9-6) 21 | 48k | 36 | 188| 6-6 aD 64| 14 | 22 |17x 29 
60.4 | 755.56] 60 | 9-6 | 2} | 544 | 36 | 228| 6-6 | ¢ |, 70| 16 | 23 |18x 33 
73.3 | 917.44] 60 |11-0| 2} | 548] 36 | 228| 8-0 | § | 70| 16 | 23 |18x 33 
82.9 |1037.46] 66 [11-6 | 24 | 59} | 42 | 256] 8-0 tft 69] 18 | 23 |18x37 
92.7 [1158.75] 66 |12-6 | 2} | 593 | 42 | 256/ 9-0 | 3 | 3 69| 18 | 23 18x 37|_ 


*12} square feet of heating surface per horse power 
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Locomotive Boiler 


Showing Butt-Strap Joint, Steam Dome Double Riveted to Boiler, Stay Bolting for high 
pressure and general construction. 


GENERAL DIMENSIONS OF LOCOMOTIVE BOILERS. 


Rating | Size of boiler Furnace Tubes, 3’ dia. wo Dome Stack Weights 
| EE e } ? 

2 i.1 8 (8 2/8 z E 

- es} A =) [Rou =) e x A =| wa | ms }] =) x Aa | a) a) 
eg Ft In. | Ft. In. |Ft.In.| In In In Ft. In.| In In In In In In Ft Lbs Lbs 
90.8 | 208.3 | 36| 140/40] 48| 30| 32| 28] 80| vs | ve | # | 20 is | 14) 40 | 5000 | 5700 
95.5 | 255.6 | 40| 140[45| 48| 34| 39| 34| 80| ve] we 8 24 | 24 16) 40 | 6600 | 7600 
30.9 | 309.25 | 42 | 14-10 4-8 | 50) 36) 40) 40 | 8-6 | | a | & | 24| 24 | 18 | 40 | 7200 | s200 
35.5 | 955.21| 44| 15-6410 50| 38| 44| 44| 9-0| se | st | # | 24 | 24 | 19| 40 | 7800 | 8825 
“41.9 | 419.45 44 | 17-6 | 41050 | 38 | 44| 44] 11-0| | te] # | 24 | 24 | 19 | 45 | g100 | 9125 
51.5 | 615.35| 48 | 18-0 |5-7| 54| 42| 48| 54 | 11-0] ve] ae | & | 24 | 24 | 21 | 50 | 9350 {10550 
62.2, 622.92 | 54 | 19-6 Sell) 60) 48 | 50| 60 | 12-0| ys | ve) 8 | 30 | 30] 22| 50 [11300 |12700 
72.7| 727.72| 56| 20-6 6-0| 6o| 50| 52| 66| 13-0) ¢ | vs | vs | 30| 30| 24] 50 [18100 [14650 
82.8 | 828.76 | 58 | 20-9 | 6-5 60 | 521 54| 76| 13-0) 3 | yy! se | 30] 30] 25 | Go [14150 |16000 
91.91 919.10| 60 | 21-6]66| oo| 54] 54| 82] 13-6] @ | vs | xs | 30| 30] 26 | 60 [15700 ]17600 
103.3 [1033.18 | 62 | 22-3691 60| 56| 56| 90| 14-0| 3 | ws | ss | 30| 36| 28| 60 [16750 18800 
14.4 |i14a.o4| 66 | 21-9 | 7-2/ 60] 60| 56] 104 | 13-6 | ye | & | 4 | 30 | 36| 30) 60 [17100 |20000 
125.8 1258.3 | 66| 23-3|7-2| 6o| 6o| 56| 104 | 15-0] y,| % | 4 | 30} 36| 20| 65 18200 |21400 
154.6 [1546.49 | 72 | 23-3 |7-8| 66| 66 | 62| 128) 15-0] | # | 4 | 36] 36 | 34} 70 |20300 [24600 


* 10 square feet of heating surface per horse power. 
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Internal Furnace Boiler 


Longitudinal section of internal furnace boiler, showing Morison suspension fur- 
nace complete with front and fire door, smoke flue connection, dry pipe and general con- 
struction. In designing the internal furnace boilers, an evaporation of 10 pounds of 
water per pound of coal, having 10% ash, and a consumption of 18 pounds of coal 
per square foot of grate per hour, have been used as a basis. With the above dataa 
simple calculation shows that these boilers. should produce 5 boiler horse power per 
square foot of grate. 


GENERAL DIMENSIONS OF INTERNAL FURNACE BOILERS 


125 | 125 


Rated horse power| 50 | 75 | 100 | 100 150 | 150 | 200 | 200 | 250 | 250 | 300 | 300 
Design of boiler | A | A | A | B | A| Bi A| B ;} a| B/ aj] Bi Al B 
esl la ae We | aad la [ec (ace (Sd 
Grate surface in} j5 | | ge | ee, | oe) sea | 2 ae : ‘ 
“gues tect | | 18 | 20 | 2 | BS | | | ee 


_ square feet. { ‘ 
Ratio of H. S. to} 35.2 | 35. 
to 1 


G. S._ 


39.2 35.6 | 41.5 | 35.6 


Heating surface in} 493 | 597 | 733 | 797 | 905 | 1001 | 1071 | 1176 | 1428 | 1662 | 1780 | 2004 | 2157 | 2403 
36.2 35.7 | 
_| to 1 si ae Ga (ein eae on Cae ee 


Diameter of tubes ‘ | ss 2 | 06 2 | ‘ ‘ 
ao 3 | Bh | Bh 4 | 3) 4 | 33 4 3 4 | 8} 4 33 4 
Number of tubes 48 42 | 56 40 | 70 52 | 80 62 108 84 137 104 161 127 
< | a | = es = 
Length of tubes in 2 2 | r927 , Lorca t > | : p 
feck and inches 9-6 | 11-6 | 12-6 | 16-0 | 12-6 | 16-0 i 13-0 16-0 | 12-6 | 16-0 | 12-6 16-0 | 13-0 | 16-0 
wey 0ug ubes | es | ange - | 6K 
ee 2.02 2.44 | 8.25 | 8.04 | 4.06 | 3.95 | 4.64 | 4.71 | 6.26 | 6.38 | 7.95 7.91 | 9.34 | 9.65 
Ratio area through Ito 1to | 1lto | 1to | 1 to| Jto | 1to | 1lto | lto | lto| 1to 1toj| 1 to} 1 to 
_ tubestogratesur.. 5.94 6.15 | 6.15 | 6.57 | 6.15] 6.33 | 6.46 | 6.37 | 6.39 | 6.27 | 6.29. 6.32 | 6.42 | 6.22 
| 


Inside diam. of boil- . | | ' 
er shell. Ft. in. 7" : | | pe a. oP) oti PR | ; 
p ¢ : | | | | | 

Inside diam. ofcor-| 36 | 36 | 38 | 38 |. 45 | 41 | 50 | 45 | 38 | 38 | 45 | 41 | 50 | 45 

__rugated tur,  11)./ = i — | _ - 

Length of grate in} 0 0 : : ‘ | 

__feet_and inches. | | 

Depth combustion 
chamber. Ft.in. 


C 
> 
~I 
} 
oo 
“J 
| 
lor) 
~I 
| 
w 
Q 
| 
I 
| 
We) 
cs 
_ 
for) 
r 
oO 
* 
= 
As 
fe 
i 
> 
i 


2-0 | 20 26 | 26 | 26 | 26] 26 | 26 | 26 | 2-6 | 26 | 2-6 | 2-6 | 2-6 
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High Pressure Tank 


Bleaching Kier 
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Riveted Joints Table of Dimensions of Single 
Riveted Lap Joints. 


The following tables com- 


: : ickness Diam. of | Efficiency | Pitch of 
piled from data furnished by “Ot late. rivet hole, — rivets . 
. . n. ne. n. 
the Hartford Steam Boiler . 

. 1 5 15 
Inspection and Insurance Co. z ie Be ke 
on steel rivets and steel plates. =~} ee | 59.2 1K 135 

Rivets 42,000 lbs. single re b | 975 | 18 lk 
shear and 78,000 Ibs. double = : ce | ol ad 
Sz 8 = “8 1 
shear. aes aes aE = 

5 

Plates and straps 55,000 an amd ee a 
lbs. 'T. 8. H i 57.6 | 2 | Wi 

—— 
i 1 57.7 | 23 1} 
i: |. te lee | a7 | we 
ee 
ee cas | 2p | 1s 


\ Gitte 


UN 
4 

N 
AS 


A 


6868 
= 


© 


SSy 
Wa 


SS Sw 


Table of Dimensions of Double Table of Dimensions of Treble 
Riveted Lap Joints. Riveted Lap Joints. 
<~ Racaeracen ganas se = — > — 7 = = 
Thicknes | Soon or Vole Pitch of A) Thickness | Diam. of | Efficiency | Pitch of A B 
of plate. | rivethole.| > @ rivets. of plate | rivet hole. % rivets. 
In. | In | In In. | In. In. In. —_ In. In. In. 
1 Pre . 7 
\ i | 48 | oe | | } ; 78.2 | 2% | 19 Li 
ry r [wa [we [ou [| i ; 78.2 | 2 | 1 | 48 
% | | es [a [mie ve | d | mo [3 [ap [in 
bo | mh O|O72.8 2h 1ys | Iss per eee es i 77.0 3 13 | dts 
1 4 . — 
g i TT 2: 1} | ly 3 té 75:0 3 25 | ls 
+. ee ae he 
33 te ee | 1 | 1s i H 75.0 | 3f | 2b | tye 
vs 15 7 ‘i 91 13 7 ira 1 5 ; 
a Hof Md | 8b | 2 188 vs 3 7.0 | 33 23 | lis 
iE T T + es 
43 | 43 1. ae 2 143 33 | +8 75.0 3} 23 14} 
T 
3 1 10.3 33 25 | 14 4 43 75.0 3f 23 13 
— — 
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Table of Dimensions of Double 
Riveted Butt Joints 


— of eg Eebeleney, Long pitch. | Short pitch. A B Cc D ae of 

In. In. In. _| In. In In In, In In. 

r |e 82.8 4 2 in Dis | 4b «| 8E i 
# ts §3.3 4} 275 1,5 215 4h 8} 33 

ts A 83.3 4} 2 It 20C«dS:C*«‘i‘ 9 1 

Hi i 83.3 4p Of 1 2 4 9 oo 

| # 83.0 | 438 age | Ash of | 4% | 98 tb 

ae q a5 | 5 25 Ls 23 Bt 10 | 3 
ak, es i ae ee 2y5 143 218 5} 11} t's 

\ 


SSSSST TBs 


VZEZAN LT 
bora 
r 


EZ 
SS 
PI 


IE 


Sa90 


Wears" 


BSSSsh 


(AO PLIST SS 


2s. 


ESS 


Table of Dimensions of Treble 
Riveted Butt Joints 


Thickness Efficiency |Long pitch.|Short pitch. Cc D E Thickness 
ao a | In. In mn | — 
t ts 87.5 4} 2} 1}4 61 9h ts 

i $ ly 2} 8} 12} t 

4 1; 2} 8} 12} } 

| ” 2.7. |. Gtk eee lee ts 

Fi 87.5 ly 2 25 8; | 133 ts 

i 86.1 | 18 Qys oe ke t 

# 3} it | 2 oH oF 154 i 

tf 1g |e Sis 10; Tt 3 

—# 18 2k 3y; | 103 ii | #8 

vs T 133 25's 3y5 1013 ': 1775 vs 

| : ree oe 3% | ii 17} Hi 

i ly | 84.7 7% 33 133 ar; 315 11} 18; 4 
; 1%; | 84.1 7 813 138 23 325 nz | 1 ’ 7 
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Table of Dimensions of Quadruple Riveted Butt Joints 


ee ee Eficienes| ee | ie | gee | =| = 72 # ee Oe 
| hole | straps. 
In. In. In. | In. In. In. In In In In In In. 
} fy_| 94.9 | IL 5} 24 i 1k 1s | 1é | 6f | 138 | 
2s & | 94.8 [| 12 6 | 3 13 143 1 Gu | 148 th 
Ds z 94.6 | 14 a 3h 1} a | he 2 83 17} } 
i 3 94.6 | 14 7 3h 14 2k | Ok 2 8 itd a a 
A 3 94.6 | 4 | 7 3h 1f 24 | 2 | 2 8} | 17k is 
_ 4 } 91.0 | 148 7 | 33h Ly 20; 2g | 2k | 98 | 198 7s 
a ¥ o4.1 | 15 7h 33 Is 2} 2 2} 9% | 19} 3 
Ld | 98.0 | isk | 7H | 3H | ik | 26 | 2H | 28 [ 0y | 20H | 4 
4 te | 94.0 | 158 7a | 838 13 24} ate | 28 | 10%; | 20 g 
_ 4 | te [94.0 | 158 He | 3833 1} 24h ay g | 107; | 20 i 
tk +3 | 94.0 | 15ts | 733 | 382 [ 18 2H ae | 28 | 10g; | 20t | ve 
52 ly's 93.6 | 153 1} 35 133 275 35 28 11 228 Pa 
& jee 93.1 | 154 7 3k 143 Die 3a 28 11 225 
3h 175 92.5 | 15e oe oreal 35 142 2i5 3u5_ | 28 11 22% 3 
Hf dss | 92.4 | 158 7H | 333 133 233 Sts | 2 | UK | 2 | 
28 17, | 92.4 | 153 (fee 135 | 2c | 3% oF 113 248 iy 
3 13; 91.1 | 15} 73 3k 133 oy; 33 5 | We | 248 = 
ee [90.3 [rer eT 8k ge Tre | Sr | S| Ne | ee 
4a | iy; | 90.8 | 15§ | 7H a [et 244 31s | 3 [| 12% | 26 g 
| is | 899 | 158 [| 7H 8 | 1h ahh 31g | 3b | 12, | 2H | 
“F 13; go.1 | 15} | 7% 3k Tit 28 313 3h 128 | 263 aa 
a | ys | 88.3 | 15t | 7s 3be 14} 25 3th By | 128 | 26% tb 
1B 13, | 87.8 | 16 8 eer ae 2 | 3h 35 1211 | 26 e 
ay 13; | 87.1 | 16 8 4 134 213 318 3h 121 | 26 3 
i iy; | 87.3 | 16 8 4 3e, pas 45, 3g 137, | 28 B 
“Ts | is | we | Ie 8 4 2555 218 a; 33. | 137, | 28 Fa 
Ips ly; | 96.3 | 163 8k 4g 23; 218 45 z 13z; | 28 z5 
Th | 1% 85.9 | 163 82 s 2335 2 4 gs RE 138 39 1g 
Iy | ie | 85.4 | Ie | 88 ts 235 or 38 | 13f | 29 ey 
Tey [| Irs [| 848 | 16% 85 435 ey ) a 3. | 13g | 2 4 
13; lis 84.5 | 17 BE 4 25 23, 4p, BE | 13% | 29% a 
yy IY | 84.400 «17 8} 4} 24 a3 qt 3g. | 145 | Sit es 
mes 1); 84.1 | 17} ~ Bis 4g pias 23, 4it 38 144 | 383i # 
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Horse Power of Boilers 


ORRECTLY speaking, there is no such term as horse power applied to steam 
boilers, but as steam boilers must have some unit of rating, the same measure 
applied to steam engines has come to be universally applied to them. This 
standard, as fixed by Watt, was one cubic foot of water evaporated per hour, from 217". 
for each horse power. This was at that time the requirement of the best engines in use. 

To obviate the confusion resulting from an indefinite meaning of the term boiler 
horse power, the judges in charge of boiler trials at the Centennial Exposition, in 1876, 
ascertained that a good engine of the prevailing type at that time required about 30 
pounds of steam per hour per horse power developed. In order to establish a relation 
between engine and bolier power, they recommended that an evaporation of 30 pounds 
of water per hour from an initial feed temperature of 100°F. to steam at 70 pounds 
gauge pressure, be considered as one boiler horse power. This standard has been gen- 
erally accepted by American engineers, and is equivalent to an evaporation of 3414 
pounds of water per hour from and at 212°F. Expressed in this form, it has been en- 
dorsed by the American Society of Mechanical Engineers. It is, therefore, purely a 
measure of evaporation. 

An ordinary engine, medium size, of the four-valve automatic cut-off type, run- 
ning non-condensing at 80 pounds pressure, uses about 27 pounds of steam per horse 
power per hour, and 21 pounds when running with condenser. An unjacketed com- 
pound condensing engine running at a pressure of 125 pounds uses about 15 pounds of 
steam per indicated horse power per hour. In a number of cases, where the most ap- 
proved compound engines have been used, running at high pressure, a horse power has 
been produced from 1214 pounds of steam. As the best types of horizontal tubular 
and Manning upright boilers will evaporate considerably over 10 pounds of water per 
pound of coal, it is possible to produce a horse power per hour on this type of engine 
from 1.25 pounds of coal. 

A 100 horse power boiler, working at its full capacity, should furnish a sufficient 
quantity of steam to develop in the three most common types of engines, the following 
quantities of power: 


Plain non-condensing engine 7 : : : 111 horse power. 
Plain condensing engine. 143 horse power. 
Compound condensing engine @itiihary conditions) 200 horse power. 


Compound condensing engine consuming 121% pounds 
of steam per indicated horse power per hour 240 horse power. 


It is true that some types of gas and oil engines can produce, when first installed, 
a horse power at less cost than the steam engine, but the cost of maintenance, uncer- 
tainty of regulation, unreliability and rapid deterioration, reduce their efficiency to such 
an extent, that in eight or ten years a good engine is far superior. 

In the early days of power plants, when steam boilers were made in small units 
and for low pressure, it was customary in computing the horse power of boilers to call 
15 square feet of heating surface a horse power, and all boilers were rated accordingly. 


50 


D. M. DILLON STEAM BOILER WORKS, FITCHBURG, MASS. 


As time passed, it was found by increasing the grate surface and burning more coal per 
square foot of grate per hour, that a horse power could be obtained from 10 square feet 
or less of heating surface, and a number of water tube boilers were sold on a basis of 7 or 
8 square feet, and a few batteries even on 6 square feet of heating surface per horse power. 
Complete tests were made on these boilers and it was found that their efficiency had 
fallen off tremendously, and the temperature of the flue gases showed the grate surface 
altogether too large for the heating surface. 

About ten years ago, a number of the leading engineers in this country found 
that in any well designed boiler, a horse power could be obtained on 10 square feet of 
heating surface with excellent economy, and since that time, 10 square feet has been 
the standard rating with most types of boilers, although one hears, even to-day, among 
the inexperienced that 10 square feet is all right when applied to water tube boilers, 
but that the horizontal tubular boilers should have the old rating of 15 square feet. 
The true facts as recognized at the present time are that the horizontal tubular Boiler 
correctly designed, with a grate surface not less than 40 the heating surface, and burn- 
ing 17 pounds of good bituminous coal per hour, can easily produce a horse power on 10 
square feet of heating surface and is more economical than a water tube boiler, for the 
simple reason that it is designed on more correct principles, and the heating surface is 
more efficient. 

In a number of cases horizontal tubular boilers are replaced by other types of 
boilers, with the guarantee that the new boilers will be an improvement. Let us see 
what this statement means. The old boilers were built without any regard to the ratio 
of heating and steam space, and equipped with grates unable to burn more than 10 or 
12 pounds of coal per square foot per hour, and the grate surfaces were altogether too 
small to furnish the steam desired. The smoke flue and chimney were of insufficient 
size to furnish a suitable draught, and the old brick setting full of cracks, which seriously 
reduced the efficiency of the boilers. 

The new boilers are equipped with excellent stationary or shaking grates of suit- 
able size, with ample air space, and a new chimney and smoke flue are installed to give 
the proper draught to burn at least 17 pounds of coal per square foot of grate per hour. 
The new boilers are then tested and the results compared with the old boilers. Is this 
a fair test? 

At the present time, on account of the rapid development of water power privi- 
leges, it is interesting to compare the power so produced with the cost of power produced 
by steam. To make a fair comparison, it is only necessary to add to the cost of water 
power, the additional cost to furnish steam for heating and other purposes over and 
above the cost of doing this from a large steam power plant. We find this amount under 
ordinary conditions is equivalent to $5 per horse power per year. The cost of steam 
depends upon the cost of fuel and size and economy of steam plant. In the seaboard 
cities, the cost per horse power, in a first-class power plant of medium size, varies from 
$13 to $17 per year, while in the inland cities, $20 should be the maximum figure. In 
small plants (150 horse power), the cost should not exceed by $5 the above figures. 

Thus, it is clearly shown that unless a water power company can supply power 
in seaboard cities at less than $15 per horse power per year, and in inland cities at less 
than $20, the proposition should not be considered by large steam users. 
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TABLE OF PROPERTIES OF SATURATED STEAM 
: ; Partly from C. H. Peabody’s Tables. 
Pressure in Ibs.| _ Temp. Total heat in | Heat in liquid |Heat of vaporiza-| Density or | Volume of one Factor ‘of Total pres- 
per square inch| in degrees, |heat units from] from 32° in tion, or latent |weight of cu./pound in cubic} equivalent | sure above 
above yacuum|Fahrenheit|} water at 32° units heat in ht. units |ft. in pounds feet evap. at 212°) vacuum 
1 101.99 1113.1 70.0 1043.0 0.00299 334.5 .9661 1 
2 | 126.27 1120.5 94.4 1026.1 0.00576 173.6 .9738 2 
3 | 141.62 1125.1 109.8 1015.3 0.00844 118.5 | 978 | 3 
4 ~~~ (| 158.09 1128.6 121.4 1007.2 0.01107 90.33 .9822 4 
5 162.34 1131.5 130.7 1000.8 0.01366 | 73.21 .9852 5 
6 170.14 1133.8 138.6 995.2 0.01622 61.65 .9876 6 
—e __| 176.90 1135.9 145.4 990.5 0.01874 53.39 .9897 7 
J 8 182.92 1137.7 151.5 986.2 0.02125 47.06 .9916 8 
97 188.33 1139.4 156.9 982.5 0.02374 42.12 9934 9 
10 193.25 | 1140.9 161.9 979.0 0.02621 38.15 -9949 10 
~~ 16 | 213.08 1146.9 181.8 965.1 0.03826 26.14 1.0003 15 
2000 | 227.95 | 1151.5 196.9 954.6 0.05023 19.91 | 1.0051 20 
25 240.04 | 1155.1 209.1 946.0 0.06199 16.13 1.0099 25 
~ 30 «| -250.27 | 1158.3 219.4 938.9 | 0.07360 13.59 | 1.0129 30 
35 | 259.19 | 1161.0 228.4 932.6 0.08508 11.75 1.0157 | 35 
40 267.13 1163.4 il 236.4 927.0 0.09644 10.37 1.0182 40 
45 | 274.29 | 1165.6 | 243.6 922.0 | 0.1077 9.285 | 1.0205 45 
60 | 280.85 1167.6 250.2 917.4 | 0.1188 8.418 1.0225 0 
5D 286.89 1169.4 256.3 913.1 |_0.1299 7.698 | 1.0245 55 
60 292.51 1171.2 261.9 909.3 0.1409 7.097 1.0263 60 
; 65 | _297.77 1172.7 267.2 905.5 0.1519 6.583 | 1.0280 65 
70 302.71 1174.3 272.2 902.1 0.1628 6.143 1.0295 70 
7 | 807.38 | 1175.7 276.9 898.8 0.1736 5.760 1.0309 75 
80 | 311.80 | 1177.0 281.4 895.6 0.1843 5.426 1.0323 80 
8316.02 1178.3 285.8 | 892.5 0.1951 5.126 | 1.0387 | 85 
90 320.04 1179.6 290.0 889.6 0.2058 4.859 1.0350 90 
9 —_—|_-323.89 1180.7 294.0 886.7 0.2165 4.619 1.0362 95 
100 327.58 1181.9 297.9 884.0 0.2271 4.403 1.0374 100 
105 331.13 1182.9 301.6 881.3 0.2378 4,205 1.0385 105 
110 334.56 1184.0 305.2 878.8 | 0.2484 | 4.026 1.0396 110 
115 337.86 1185.0 | 308.7 876.3 0.2589 3.862 1.0406 115 
120 341.05 | 1186.0 312.0 | 874.0 0.2695 3.711 1.0416 120 
185 344.13 1186.9 315.2 871.7 0.2800 3.571 1.0426 125 
130 347.12 1187.8 318.4 869.4 | 0.2904 3.444 1.0435 130 
140 352.85 1189.5 324.4 865.1 0.3113 3.212 1.0453 140 
150 358.26 1191.2 330.0 861.2 0.3321 3.011 1.0470 150 
160 363.40 1192.8 335.4 857.4 0.3530 2.833 1.0486 160 
170 |-368.29 | 1194.3 340.5 853.8 | 0.3737 2.676 | 1.0502 170 
80 372.97 1195.7 345.4 850.3 0.3945 2.535 1.0517 180 
190 377.44 1197.1 350.1 847.0 0.4153 2.408 1.0531 190 
200 381.7: 1198.4 354.6 | 843.8 0.4359 2.294 1.0545 200 
~~ 99 ~— | 391.79 | 1201.4 365.1 836.3 0.4876 2.051 1.0576 225 
~ 250——«| 400.99 | 1204.2 374.7 829.5 | _0.5393 1.854 | 1.0605 250 
275 409.50 1206.8 383.6 823.2 0.5913 1.691 1.0632 275 
300 417.42 1209.3. | 391.9 817.4 0.644 1.553 1.0657 300 
325 424.82 | 1211.5 | 399.6 811.9 0.696 1.437 | 1.0680 325 
350 431.90 | 1213.7 406.9 806.8 0.748 1.337 1.0708 350 
375 438.40 1215.7 414.2 801.5 0.800 1.250 1.0724 375 
~ , 400 445.15 1217.7 421.4 796.3 | 0.853 1.172 1.0745 400 
500 466.57 1224.2 444.3 779.9 1.065 .939 | 1.0812 500 
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Superheated Steam 


Steam is superheated when its temperature exceeds that of saturated steam at 
the same pressure, and is produced by the application of heat to saturated steam. 
Its thermal conductivity is considerably less than that of saturated steam, which 
explains, to a certain degree, the rapid deterioration of superheaters. Before 
superheated steam can condense between boilers and engine, it must first lose all 
its superheat and be reduced to saturated steam. If the steam is sufficiently super- 
heated, as with the Manning type of boiler, it can lose a considerable amount of 
heat by radiation and still reach the engine perfectly dry. 

The largest per cent. of waste in an engine is caused by cylinder condensation. 
The heat necessary to warm the eylinder walls, cooled by the temperature of the 
exhaust, to the temperature of the entering steam, can only be supplied from the 
steam itself. Hence, from boilers which produce wet steam, such as the water tube 
types, unless equipped with special superheaters, there must be considerable con- 
densation. This amount from single non-condensing engines often reaches 30% of 
the total weight of steam entering the cylinder. It is obvious, however, that if the 
entering steam is sufficiently superheated, the amount of heat necessary to warm 
the cylinder could be supplied without producing condensation. This fact explains 
the high efficiency of steam engines when superheated steam is furnished. 

There have been a number of superheaters placed on the market in recent 
years, but none of them have proven satisfactory, principally on account of their 
rapid deterioration and the net loss of fuel resulting from their use. Most of these 
superheaters have been applied to water tube boilers, on account of the large per 
cent. of moisture always present in the steam. This entrainment often reaches the 
astonishing figure of 3%; whereas, in well-designed horizontal tubular boilers, the 
moisture is hardly noticeable, and in the Manning boiler, the steam is always 
superheated from 25° to 50°. 

The following table, compiled from various tests, shows the net fuel loss, as 
well as the extra cost per horse power, per year, in obtaining the various degrees 
of superheat by means of a separate superheater: 


Extra Cost 


Degrees Per Horse Power Net 
Superheat. Per Year. Fuel Loss. 
25 $1.25 d% 
50 1.75 To 
7) 2.90 10% 
100 3.79 14% 


The above figures explain why the Manning boiler, which produces steam 
superheated to a high degree, is so economical. 

From an admirable test made by E. D. Densmore, on an upright boiler with 
17’ tubes (see next page), it appears that the superheat in this type of boiler is 
influenced by the following conditions: 1st, total superheating surface; 2nd, tem- 
perature of fire and flue gases; 3rd, rate of evaporation; 4th, the pressure at 
which boiler is run; 5th, distance of water line below upper tube sheet. It is the 
opinion of Mr. Densmore that, if the boiler were run at its full rating, the super- 
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heat would be greater at the different water levels than the amounts shown on the 
test, which were taken with the water line dropping. 

The object of this test was to discover the amount of superheat present in an 
upright boiler when carrying the water at different levels. 

The diameter of the boiler was 86”, diameter of furnace 78”, height of furnace 
57”, number of 2%” tubes 250, length of tubes 17’, capacity of boiler 200 horse 
power. Extra gauge glasses were placed on boiler to enable the water line to be 
followed over a wide range. 

The general method of the test was to fill the boiler with water to a point about 
3/ below the upper tube sheet, and then, by stopping the feed pump, allow the 
water to evaporate, thus gradually lowering the water line to about an 8 level. 
Observations were taken every five minutes, of the pressure and temperature in the 
steam main, about 6 from the boiler, the temperature in the smoke box, and the 
water line. 


Test on Upright Boiler for Superheat 


Es 5 FH gs g : BS on B28 oA 
q Qe 2a od &,- o8 an Qe z 
: ba | ge | # Pi Bes ce See 2 
gag | 8 <a 2 = aaa <s Se 
o See a] a nag ics gos Bead 2 
E 2235 ag a5 ae at Sk3 ae sigs S$ 
= Eee Eg Es Es Es See S25 2a | 
ra) a a D a4 5 re) im 
— =_ es — 
2.10 95.5 | 358 335 23 465 3-33 | 
= T 1 
2.15 96 358 33 23 471 3-6} 2 = | 393.5 126. 
2 SRS 359 336 23 =| «469.5 3-9 2h 357.5 | 114.5 
22% | 95.5 361 335 eS. a 21 357.5 126.1 
2.30 | O4. 360 334 2% = 463 4-6} ne 114.6 
2.35 96.5 362 335 27 | 456.5 | 4-83 23 357.5 114.6 
2.40 98 367 336 31 | 484 5-0 | 3 464.8 149.1 
2.45 4 ~=6©| 366 334 32 | 467.5 5-23 23 393.5 126.5 
2.50 95 366 334 32 | 454 5-5} 23 357.5 115.1 
2.55 9 371 337 34 | 477 5-74 oh 321.8 103.4 
3.00 96.5 | 374 335 39 | 466.5 | 5-103 a: 429 138.2 
3.05 98 376 | 336 | 40 ee a ae 393.5 127.0 
3.10 6 376 335 | 41 | 40 | 6-33 2h 357.5 121.3 
3.15 98.5 382 337 45 504 6-74 2% 393.5 126.1 
3.20 | 9 | 388 | 335 | 53 486.5 6-103 3 429 139.1 
3.95 | 97.5 395 336 59 498 7-13 | 2 393.5 128.3 
3.30 | 97 "398 336 62 487.5 7-4} 429 140.1 
: jie —— 
3.35 95.5 400 335 65 502.5 ra 429 140.4 
3.40 95.5 | 404 335 69 499 7-93 2h 357.5 117.3 
3.45 95 413 334 79 502 8-0} 23 393.5 128.0 
Avg. 96.3 " 126.1 
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Impurities in Boiler Feed Water 


All boiler feed waters contain a certain percentage of foreign substances, either 
in suspension or solution, and while analysis may show only a few grains of solid matter 
per gallon, the amount of residue from the water evaporated each day is considerable. 
In the comparatively pure feed waters in most of our New England cities, this amount 
is seldom less than 1 pound in a 100 horse power boiler, while in some localities, it is more 
than 50 pounds. An excessive amount of impurities causes the formation of scale in a 
boiler, which results in a loss of fuel, and leads to extensive repairs. It is estimated 
that the presence of %6 of an inch of hard scale reduces the efficiency of a boiler 10 
per cent. The following information in regard to corrosion and impurities will be found 
interesting. 

Air is composed of one part oxygen and four parts nitrogen, but dissolved in 
water, the percentage, owing to the greater solubility of oxygen, is about one-half. 
When liberated by boiling, there is a large excess of oxygen in the air, which is chem- 
ically very active, and corrosion takes place in the form of pitting. It has been found 
by experimenting that the liberated air is most active at a comparatively low tempera- 
ture, which explains why corrosion is so prevalent in feed pipes, heating boilers, and 
boilers where the circulation is poor. When free acid is present in feed waters, or when 
liberated in the boiler by chemical action, pitting or corrosion follows. 

Electrolysis, or galvanic action, often takes place in a boiler when the feed water 
has passed through brass pipe, and deep pitting of the tubes or plates results in a very 
short space of time. Chemical analysis will show traces of copper deposited where the 
pitting occurs. The constant use of soda ash to render the feed water alkaline, will 
prevent this trouble to a great extent. 

By far the most dangerous impurity in feed water is grease or oil, the merest 
trace (.001 of an inch in thickness) of which will cause far more trouble than one-eighth 
inch of boiler scale. If the feed water is taken from a hot well or an open heater, the 
oil should be completely removed before it enters the boiler. 

The following table shows how impure feed waters may be treated: 


EFFECT OF, AND CORRECTIVES FOR, IMPURITIES IN FEED WATER 


Troublesome Substance Trouble Remedy or Palliation 
Sediment, mud, clay, etc. Incrustation Filtration. Blowing off. 
Readily soluble salts Incrustation Blowing off. 
Bicarbonates of lime, magnesia, iron Incrustation Heating feed. Addition of caustic soda, lime, magnesia 
Sulphate of lime Incrustation Addition of carbonate of soda, barium chloride. 
Chloride and sulphate of magnesium Corrosion Addition of carbonate of soda. 
Carbonate of soda in large amounts Priming* Addition of barium chloride. 
Acid Corrosion Alkali. 
Dissolved carbonic acid and oxygen Corrosion Heating feed. Addition of caustic soda or slacked lime. 
Grease (from condensed water) Gorrosion sr ot aaa Carbonate of soda. Substi- 
Organic matter (sewage) Priming Precipitate with alum or ferric chloride and filter. 
Organic matter Corrosion Precipitate with alum or ferric chloride and filter. 


*Similar result is caused by carbonates of calcium and magnesium. 
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Heating Buildings by Steam 


In heating buildings by steam, the size of boiler and amount of heating surface 
required depend largely upon the kind of building, its location, and the following condi- 
tions: whether the building is protected or isolated; whether built of brick, stone or 
wood; the amount of glass and outside wall surface; and also largely upon exposure of 
rooms. Without this information, it is impossible to correctly estimate the amount of 
radiator surface. We give below results obtained by averaging the different existing 


conditions. 
One So. Fr. Rapiatinc SurFaAce HEATS 
Low Pressure Steam. Hot Water. 
Cubic Feet. Cubic Feet. 
Living rooms with three exposures and large amount of glass, 40 20to 25 
Living rooms with two exposures and ordinary amount of glass, 50 25to 30 
Living rooms with one exposure and ordinary windows, 60 30 to 35 
Halls located on corner, 55 30 to 33 
Halls located in center of house, 70 35 to 40 
Bath and small exposed rooms, 40 20to 25 
Sleeping rooms, 60 to 70 25to 35 
School rooms, 60 to 80 30to 50 
Churches and auditoriums, 75 to 125 . 80 to 100 
Offices, ; 60 to 80 30to 50 
Stores, 70 to 100 40 to 70 
Theatres, 200 to 300 


The foregoing figures are based on zero weather. If extreme temperature is 
above zero, less radiating surface may be used, and if below, the radiators should be 
increased. 

For indirect radiators, add at least 50% to the above ratings. For direct indi- 
rect, add 25%. 

One square foot of heating surface in boiler will supply from 7 to 10 square feet 
radiating surface, depending upon the size of boiler and the efficiency of its heating sur- 
face, as well as that of the radiating surface. One boiler horse power will supply from 
240’ to 360’ of 1’ steam pipe, or 80 to 120 square feet of radiating surface. Under ordinary 
conditions, one horse power will heat, approximately, in 


Cubic Feet. 
Brick dwellings, in blocks, as in cities, 15,000 to 20,000 
‘* stores, in blocks, 10,000 to 15,000 
“dwellings, exposed all round, 10,000 to 15,000 
‘« mills, shops, factories, etc., 7,000 to 10,000 
Wooden dwellings, exposed, 7,000 to 10,000 
Foundries and wooden shops, 6,000 to 10,000 
Exhibition buildings, largely glass, etc., 4,000 to 15,000 


The system of heating mills and manufacturing plants by means of pipes placed 
overhead is being largely adopted in preference to radiators near the floor, particularly 
for rooms in which there are shafting and belting to circulate the air. 

In heating buildings, care should be taken to supply the necessary moisture to 
keep the air from being dry and uncomfortable. The capacity of air for moisture rises 
rapidly as it is heated, it being four times greater at 72° than at 32°. For comfort, air 
should be kept at about 50% saturated. This would require one pound of vapor to be 
added to each 2500 cubic feet heated from 32° to 70°. 


ee 
po 


s 
56 


M. DILLON STEAM BOTLER WORKS, FITCHBURG, MASS. 


NUMBER OF U. S. GALLONS IN ROUND TANKS 


FOR ONE FOOT IN DEPTH. 


; Bs} as ps: Pa. 
Dia. of Dia. of | - No. Sa || Dia. of No. ‘og || Dia.of | No. ont 
tanks tanks. U.S. Boe tanks. U.S. Bog || tanks. | U.S. sae 

. gals. 8 ag Ft. In. gals. & eg I Ft. In gals. 8 ee 

9.63 


55.86 
58.92 


78.54 
[iv | [| 82.52 
1-6 | 13.22 | 1.767 || 3-6 | 71.97 | 9.621 || 5-6 | 177.72 | 23.76 || 10-6 | 640.74 |__ 86.59 


3 2 ~_ 28. 113.10 
13.095 || 6-3 229.50 | 30.68 12-3 | 881.65 | 117.86 
6-6 248.23 | 33.18 12-6 | 918. | 122.72 
127.68 


308.81 
4.909 4-6 118.97 | 15.90 7-6 330.48 | 44.18 1070.80 | 143.14 


ih . 
2-7 39.21 | 5.241 4-7 123.42 | 16.50 || 7-9 352.88 | 47.17 13-9 | 1110.80 | 148.49 
2-8 5.585 4-8 127.95 : 14 1151.50 | 153.94 


2-9 44.43 | 5.940 || 4-9 132.56 399.88 
2-10 | 47.16 | 6.305 4-10 | 137.25 424.48 
2-1 49.98 | 6.681 4-11 142.02 | 18.99 


1235.30 | 165.13 
1278.20 
1321.90 


31 1-2 Gallons equals 1 Barrel. 
To find the capacity of tanks greater than the largest given in the table, look in the table for a Tank one-half of the given size 
and multiply its capacity by 4, or one of one-third its size and multiply its capacity by 9, ete. 


NUMBER OF U. S. GALLONS IN RECTANGULAR TANKS 


FOR ONE FOOT IN DEPTH. 


Width of Length of Tank. 
Pease Ft. | Ft. Ft. Ft. Ft. Ft. Ft. Ft. Ft. Ft. Ft. 
2 3 bo} 8 7 8 9 10 11 12 
2 | 29.92 | 44.88 | 59.84 | 74.81 | 89.77 | 104.73 | 119.69 | 134.65 | 149.61 | 164.57 | 179.53 
2-6 56.10 | 74.80 | 93.51 | 112.21 | 130.91 | 149.61 | 168.31 | 187.01 | 205.71 
3 — 67.32 | 89.77 | 112.21 | 134.65 | 157.09 | 179.53 | 202.97 | 224.41 | 246.86 | 269.30_ 
3-6 |__| 104.73 | 130.91 | 157.09 | 183.27 | 209.45 | 235.63 | 261.82 «| 288.00 | 314.18 
4 119.69 | 149.61 | 179.53 | 209.45 | 239.37 | 269.30 | 299.22 | 329.14 | 359.06 
4-6 q [ 168.31 | 201.97 | 255.63 | 269.30 | 302.96 | 336.62 | 370.28 | 403.94 
5 187.01 | 224.41 | 261.82 | 299.22 | 336.62 | 374.03 | 411.43 448.83 
5-6 |_| 246.86 | 288.00 | 329.14 | 370.28 | 411.43 | 452.57 | 493.71 
“6 _ oie —_| 269.30 | 314.18 | 359.06 | 403.94 | 448.83 | 493.71 | 538.59 
— 60 | tite |. Ko” 340.36 | 388.98 | 437.60 | 486.23 | 534.85 | 583.47 
“7 366.54 | 418.91 | 471.27 | 523.64 | 575.99 | 628.36 
7-6 Sal “T 448.83 | 504.93 | 561.04 | 617.14 | 673.24 
“3 | | = > a a ; 478.75 | 938.59 | 598.44 | 658.28 | 718.12 
“8-6 | ee ET | - 72.25 | 635.84 | 699.42 | 763.00 
“eT a 605.92 | 673.25 | 740.56 | 807.89 
oe |. |. 4 | : 710.65 | 781.71 | 852.77 
10 | 748.05 | 822.8 897.66 
“0-6 | | | = 864.00 | 942.56 
“TI 7 ia 905.14 | 987.43 — 
11-6 | L 1032.3 
a ; 1077.2 
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STANDARD SIZES, ETC., OF LAP-WELDED CHARCOAL-IRON 
BOILER-TUBES. 

(National Tube Works. ) 
22) 28/22) 2 | intro exema | 328 | B52 | Bo2 | Ee 
go | Gs | #45 Es _ gas | $82 | 845 | FS 
In. In. In. In. In. Sq. In. Sq. Ft. Sq. In. Sq. Ft. Ft. Ft. Ft. Lbs. 
1 810 | .095 | 2.545 | 3.142 515 | .0036_ | .785 | .0055 | 4.479 | 3.820 | 4.149 | .90 
09% ; .0061 1.227 .0085__| 3.604 | 3,056 | 3.330 
.0094 1.767 0123 | 2,916 | 2.547 | 2. 
0133 2.405 | 0167 | 2.448 | 2.183 
.0179 3.142 | .0218 | 2.110 | 1.910 
.0231 3.976 .0276 
0284 | 4.909 | .0341 
.0350 5.940 | 0412 
0422 7.069 | .0491 
0494 | 8.296 | .0576 
.0580 9.621 .0668 128 
.0672 | 11.045 .0767 4.60 
.0760_| 12.566 | .0873 5.47 
.0977__| 15.904 L104 6.17 
1207 | 19.635 1364 7.58 
TABLE OF EQUATION OF PIPES 
STANDARD STEAM AND GAS PIPES. 
T a a a ae | | ea eee 
2 1 14 2 | oe | <3 ie ieee Yan Sa 8 9 10 | 1 12 d 
%| 4.88 | 15.8 [31.7 52.9 96.9 |205  |377 _620_ L918 _| 1,202 | 1,767 | 2,488 | 3,014 13,786 | 1% 
%| 2.05 | 6.97 [14.0 (23.3 | 42.5 190.4 |166 (273 |405 | 569| 779/ 1,096 | 1,328 | 1,668 | 9% 
i | 3.45 | 6.82 /11.4 | 20.9 |44.1 [81.1 [133 | 198 278 | 380| 536] 6419/ 815| 1 
1%4| 3.20 2.00 | 3.34] 6.13 |13.0 [23.8 [39.2 [58.1 [81.7 | 112] 157] 190] 239 | 1% 
2 7.25 | 2.96 1.67 | 3.06] 6.47 [11.9 |19.6 |29.0 [40.8 155.8 | 78.5 [95.1 | 119] 2 
_ 2% | 13.6 4.23 | 1.87 1.83 | 3.87 | 7.121117 |17.4 [24.4 |33.4 [47.0 [56.9 | 71.5 | 216 
3 | 22.6 | 7.03! 3.11 | 1.66 2.12! 3.89 6.39} 9.48|13.3 | 20.9 | 23.7 131.2 [39.1 | 3 
4 | 49.8 | 15.5 | 6.87] 3.67] 2.21 | — 1.84 3.02] 4.48] 6.30] 8.61/12.1 [14.7 [18.5 | 4 
5 [| 90.9 | 28.3 [12.5 | 6.70] 4.03| 1.83/ | 1.65] 2.44] 3.43| 4.69] 6.60/ 8.00|10.0 | 5_ 
6 148 | 46.0 [20.4 [10.9 | 6.56| 2.97| 1.63 1.48 | 2.09] 2.85 | 4.02| 4.86] 6.11] 6 _ 
7 226 | 70.5 [31.2 116.6 |10.0 | 4.54| 2.49) 1.51 1.41 | 1.93] 2.71] 3.28] 4.12 | 7 
8 322 | 101 [44.5 [93.8 [14.3 | 6.48| 3.54/ 2.18] 1.43] 1.35| 1.93] 2.33[ 2.92] 8 _ 
9 | 440 137 [60.8 [32.5 [19.5 | 8.85| 4.85 | 2.98[ 1.95 | 1.37 1.41/ 1.71] 2.14] 9_ 
10 582 | 181 [80.4 [42.9 [25.8 |11.7 | 6.40 3.93| 2.57| 1.80| 1.32] 1.21 | 1.52 [10 
Wj 747 233 | 103 |55.1 [33.1 [15.0 | 8.22| 5.05| 3.31| 2.32] 1.70] 1.28 1.26 {tL 
12 | 938 293 | 129|69.2 [41.6 [18.8 | 10.3 | 6.34] 4.15 | 2.91) 2.13] 1.61] 1.26 12 
_b 1,146 358 | 158 [84.5 [50.7 | 23.0 [12.6 | 7.75| 5.07 | 3.56 | 2.60| 1.98] 1.53[ 1.22 [13 
14 [| 1,403 438 | 193] 103 [62.2 [282 [15.4 | 9.48/ 6.21/ 4.35 / 3.18] 2.41] 1.88] 1.50 [14 
15 | 1,698 530 | 234] 125 [75.3 [34.1 [18.7 [11.5 | 7.62[ 5.27| 3.85| 2.92/ 2.97[ 1.81 [15 
16 | 1,984 619 | 274| 146/88.0 [39.9 [21.8 [13.4 | 8.78| 6.15| 4.51] 3.41[ 2.66] 2.12 [16 
17. | 2,322 724 | 320| 171] 103 /46.6 [25.6 [15.7 [10.3 | 7.20] 5.27| 3.99] 3.11 | 2.47/17 
is | 2,691 | 840 | 371/ 198] 119 [54.1 | 29.6 |18.2 [11.9 | 8.35] 6.11 | 4.63| 3.60] 2.87 [18 
20 | 3,532 | 1,102 | 487 | 260/157 | 70.9 | 38.9 [23.9 |15.6 |10.9 | 8.02 | 6.07 | 4.73] 3.76 [20 
2 5,644. 1,761 | 778| 416) 250] 113] 62.1 [38.2 [25.0 [17.5 | 12.8] 9.70] 7.55] 6.01 [24 
| 


ACTUAL INTERNAL DIAMETERS. 


58 


M. DILLON STEAM BOILER WORKS, FITCHBURG, MASS. 


SCHEDULE OF STANDARD FLANGES FOR EXTRA HEAVY IRON PIPE, 
FITTINGS AND VALVES 


(As adopted June 28, 1901, at a meeting of valve and fitting manufacturers of the United States. 
Pressure 125 to 250 Ibs. per square inch. ) 


DRILLING SHOULD STRADDLE VERTICAL AXIS. 


z ts 5 3 3 Ss 6 3g Bo 
S wa. Set” Gal ie . a = ad 
ag Son 10) £ HOS BRxn KER bys on wa n 
peer ea aR SHS oe Seo o% ae aH o 
seo See | Sse | gee | Eee | gee | Se | eake 
= ieee 5- 3 che £37 5 gr goa" 
n ' em | a A BH. A a n Bok 
2 | 2 ee 4 $x 2h 21x 4} 
2} | 2 «oe 22 1 Sas | 6 se 
Scala acs Weigel ica aca 
3 3 3 8} If 68 8 $x 3 31 x bf 
3h 3h 3y 9 13s 7} 8 —¥x3 4a x Of 
4 4 4 10 I} 7k 8 qx 3} 41 x 7} 
44 43 H 103 i | 8 | 8 | omoee 5 x 7 
5 a 5 11 18 oF 8 tx 33 5} x 8} 
6 6 6 [123 1y5 108 12 2x 33 63 x 9% 
7 7 7 14 1} 1k 12 x4 7hx 11 
8 8 15 1g 13 12 Zx 44 81 x 12 
9 | ( | 9 16 13 14 12 Ex 43 91x 13 
10. 10 10 174 1} 15} 16 Ex 4% | 10} x 14} 
12 ip 2 | 20 = | I 16 ¥x5 123 x 163 
14 15 14 294 24 20 20 $x be | 14 x19 
b | 16 F 15 23 2s 21 0 8 8| 1 x5} | 15 x 20 
16 7| ze | 16 25 2 | (28h 20 1 x53} | 16 x 2i} 
18 18) = Tr, 28 |) 4h 24 86| 1x6 18 x 23} 
2. 29} 2h yy a? 1x 6} | 20 x 25} 
i] es a 4 = 
31} 28 283 28 1s x 63 | 22 x 273 
24 | 2a 24 3B 23 31} 23. | 1¢x 6% | 24 x 30 


The bolt circle diameters as above stated will allow the use of a calking recess 
on pipe flanges, provided such device is specified. Flanges, flanged fittings, valves, 
ete., are drilled in multiples of four, so that fittings may be made to face in any 
quarter and holes straddle center line. 


D. M. DILLON STEAM BOILER WORKS, FITCHBURG, MASS. 
SIZE OF CHIMNEYS FOR POWER PLANTS 
BURNING FOUR POUNDS OF COAL PER HORSE POWER PER HOUR.* 

= oe HEIGHT OF CHIMNEY IN FEET. - Equiv, 
100 110 | 125 | 150 | 175 | 200 I 905 | 250 | 300 |) 292.9% 

oe a el Cae ee 16 

Hina | 19 

se is | | 22 

a a eee Re | | 24 

159 27 
192 | 202 - 30_ 

228 | 241 | 257 | | | 32 

270 | 283 | 302 | deci! _ 35. 

312 | 332 | 351 | 390 | 38 
410 | 429 | 458 | 510 43 _ 

517 | 543 | 579 | 647 |_ 683 48 

637 | 669 | 715 | 797 | 845 54 

774 | 809 865 | 965 | 1021 | 1092 59 

920 | 962 | 1051 | 1147 | 1215 | 1300 | 1378 | | 64 

1131 | 1206 | 1349 | 1459 | 1524 | 1619 | 1706 | {| 70 
1310 | 1401 | 1563 | 1654 | 1768 1875 | 1976 | 2165 75 

____| 1609 | 1794 | 1898 | 2031 | 2155 | 2269 | 2486 | 80. 

1830 | 2041 | 2161 | 2311 | 2451 | 2584 | 2831 | 86_ 

2067 | 2304 | 2434 | 2607 | 2766 | 2915 | 3195 91 

2314 | 2584 | 2734 | 2935 | 3101 | 3269 | 3578 96 

2879 | 3045 | 3257 | 3455 | 3643 | 3991 || 101 

| 3191 | 3374 | 3611 | 3821 | 4037 | 4420 || 107 

[ 3861 | 4082 | 4368 | 4631 | 4882 | 5350 || 117 

4596 | 4859 | 5200 | 5515 | 5811 | 6367 || 128 


* From “Chimney Designs and Theory” by William Wallace Christy. 


Horse power = 3.25 A Vv H. 


SIZE OF CHIMNEYS FOR POWER PLANTS 


BURNING FIVE POUNDS OF COAL PER HORSE POWER PER HOUR.+ 


A= Area of chimney. 
H = Height of chimney. 


His! pe | an Huicur OF CHIMNEY IN FRET. _ ]] sxauiy 

110 | 125 | 150 | 175 | 200 | 225 | 250 | 300 || 48.08 
16 
al 19 
22 
f=E : 
i 1 t alte 
156 mi) 30 
191 | 204 32 
294 | 245 | 268 = + 35 
271 | 289| 316 | 342 —— I 38 
365 | 389 | 426 | 460 | 492 43 
472 | 551 | 595 | 636 | 675 | | 48 
593 632 | 692 | 748 800 | 848 [. 894 54 
728 776 | 849 | 918 | 981 | 1040 | 1097 | 1201 59 
~ 876 | 934 | 1028 | 1105 | 1181 | 1253 | 1320 | 1447 || 64 
| 1038-| 1107 | 1212 | 1310 | 1400 | 1485 | 1565 | 1715 || _70 
1214 | 1294 | 1418 “i 1637 | 1736 | 1830 | 2005 ||__75 
1496 | 1639 | 1770 | 1893 | 2008 | 2116 | 2318 80 
1712 | 1876 | 2027 | 2167 | 2298 | 2423 | 2654 || 86 
1944 | 2130 | 2300 | 2459 | 2609 | 2750 | 3012 || 91 
2090 | 2399 | 2592 2771 2089 | 3098 | 3393 96 


+ From Kent's “Mechanical Engineer’s Pocket Book.” 
} Effective area “E’= A— 6) A. oe 
§ Side of equivalent square chimney = VE+ 4”. 
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Horse power = 3.33 (A—.6 YA.) YH. 
A = Area of chimney. 
H= Height of chimney. 
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Rules for Care and Management of Steam Boilers 


1. Condition of Water—The first duty of an engineer when he enters the boiler 
room in the morning is to ascertain how many gauges of water there are in the boilers. 
Never unbank or replenish the fires until this is done. Accidents have occurred, and 
many boilers have been entirely ruined from neglect of this precaution. 

2. Low Water.—In case of low water, immediately cover the fire with ashes; 
or, if no ashes are at hand, use fresh coal. Do not turn on the feed water under any 
circumstances, nor tamper with the safety-valve. Let the steam outlets remain as they 
are. 

3. In Case of Foaming.—Close throttle, and keep closed long enough to show 
true level of water. If the level is sufficiently high, feeding and blowing will usually 
correct the evil. In case of violent foaming, caused by dirty water, in addition to the 
above, check draught and cover fires with fresh coal. 

4. Leaks.—When leaks are discovered, they should be repaired at once. 

5. Blowing Off.—Blow down, under a pressure not exceeding ten pounds. 
Where surface blow-cocks are used, they should be opened wide once a day, oftener 
if the water contains much sediment. 

6. Filling the Boiler—After blowing down, allow the boiler to become cool 
before filling again. Cold water pumped into hot boilers is very injurious. 

7. Exterior of Boiler—Care should be taken that no water comes in contact 
with the exterior of boiler, either from leaky joints or other causes. 

8. Removing Deposit and Sediment.—In tubular boilers, the handholes should 
be often removed, and the plates over the fire thoroughly cleaned. When boilers are 
fed in front and blown off through the same pipe, the collection of mud or sediment in 
the rear end should be often removed. 

9. Safety-Valves.—Raise the safety-valves cautiously and frequently, as they 
are liable to become fast in their seats and useless for the purpose intended. 

10. Safety-Valves and Pressure Gauge.—Should the gauge at any time indicate 
the limit of pressure allowed, see that the safety-valves are blowing off. 

11. Gauge Cocks. Glass Gauge-—Keep gauge cocks clear and in constant use. 
Glass gauges should not be relied on altogether. 

12. Blisters—When a blister appears, there must be no delay in having it care- 
fully examined and repaired. 

13. Clean Sheets.—Particular care should be taken to keep sheets and parts 
of boilers exposed to the fire perfectly clean; also all tubes well swept. This is particu- 
larly necessary where wood or soft coal is used for fuel. 

14. General Care of Boilers and Connections——Under all circumstances, keep 
the gauges, cocks, etc., clean and in good order, and things generally about the engine 
and boiler room in a neat condition. 

15. Deposits of Grease—Deposits of grease are especially dangerous. Great 
care should be exercised when any of the exhaust returns are introduced to prevent 
grease deposits adhering to the fire plates, as they are liable to cause serious injury. 

16. Idle Boilers.—If boilers are to remain idle any length of time, manhole and 
handhole plates should be removed and the internal surfaces throuoghly washed and 
left dry. External parts should be made clean and dry, to prevent corrosion. 
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TEMPERATURE OF FIRE (POUILLET) 


Avvearance | Tymperaere Avpearance | Tetperature 
Red, just visible | 977 | Orange, deep 2010 
Red, dull 1290 | Orange, clear 2190 
Red, cherry dull 1470 | White heat 2370 
Red, cherry full | 1650 | White, bright | 2550 
Red, cherry clear | 1880 White, dazzling 2730 


USEFUL INFORMATION 


The circumference of a circle = Diameter X 3.1416. 

The diameter of a circle = Circumference X .3183. 

The area of a circle = Square of diameter x .7854. 

Doubling the diameter of a circle increases its area four times. — 

The side of an equal square = Diameter of circle X .8862. 

The diameter of an equal circle = Side of square < 1.128. 

The surface of a sphere = Square of diameter x 3.1416 

The volume of a sphere = Cube of diameter X .5236. 

The volume of a cylinder = Area of one end X length. 

The capacity of cylindrical tanks in U. S. gallons = Square of diameter expressed in 
inches X length in inches X .0034. 

One cubic foot of water weighs 62% pounds, and contains 71% gallons. 

One gallon of water, U.S. standard, weighs 843 pounds. 

One barrel = 31% gallons. 

To find the pressure in pounds per square inch of a column of water, multiply the 
height of the column in feet X .434. 

The heating surface of a boiler= % the surface of the shell + the inside area of all 
tubes + the water surface of heads. 

Towle! : __ Tensile strength x thickness of shell x seam 

en ase DreseIre = - Radius in inches X factor of safety. 

1H. P. = 746 Watts.= 0.746 K. W. 

LK Wa 1.34 0. P. 


Area of segment in square inches = 


4H’ | 2R a 

3 ¥ ay — -608 
H = Distance from tubes to shell, minus 5”. 
R = Radius of boiler, minus 3”. 
The length of an are = Number of degrees X diameter X 0.008727. 
The area of a sector of a circle = Length of are x half the radius. 
The area of an ellipse = Long diameter X short diameter 0.7854. 
The area of a triangle = Base X half the perpendicular height. 
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The above cuts show three disastrous ‘‘safety’’ water 
tube boiler explosions: 


Property loss $139,000 
Lives lost 7 
Injured 17 
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